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August 17, 2004 Final LESHC Minutes of Meeting 04-07 

Chairperson E. Lessard called the seventh meeting in 2004 of the Laboratory 
Environmental Safety and Health Committee (LESHC) to order on August 17, 2004 at 
10:04 a.m.   
 
1. Review of the LEGS Transfer Cryostat:  E. Lessard invited M. Lowry of the 

Physics Department (PO) to present the new Laser Electron Gamma Source (LEGS) 
Transfer Cryostat to the Committee 1. 
1.1. Mr. Lowry and other attendees made the following points during the course of 

the presentation and in response to specific Committee questions: 
 

1.1.1. The LEGS Transfer Cryostat is used to transport the solid hydrogen target 
between the dilution refrigerator and the LEGS In-Beam Cryostat. (The In-
Beam Cryostat was reviewed on April 8, 2004 via LESHC 04-03.) 

1.1.2. The new (Jüelich) Cryostat is an upgrade of the existing unit that was built 
in Orsay France.   

1.1.3. The Jüelich Cryostat has a number of improvements. The polarization 
holding field is 120 mT and is produced by a permanent magnet array 
(versus the 15 mT from a high-Tc superconducting solenoid for the Orsay 
unit). The mechanical design has also been improved so the vacuum load is 
carried on axis and a single, high quality, linear track guides the motion of 
both the liquid nitrogen jacket and the liquid helium center tube. 

1.1.4. The permanent magnet array creates a transverse field with virtually no 
external field. (The 5 gauss line is largely within the bellows.)  The magnet 
undergoes a phase change at cryogenic temperatures and the field increases 
slightly. At the Committee’s request, Physics committed to perform 
confirmatory hot and cold magnetic field surveys.  

1.1.5. The unit contains 1.1 liters of liquid helium at 4.5 oK, which is sufficient 
for the transfer duration of approximately 2 hours. The 1.8 liter liquid 
nitrogen jacket requires one refilling during the transfer process. 

1.1.6. The target transfer is done vertically at the dilution refrigerator to avoid 
transfer tube deflection.  A lifting arm and motorized hoist are used to 
reposition the transfer cryostat to a 30o angle to the horizontal for placement 
on the transfer cart and subsequent transfer to the In-beam cryostat. 

1.1.7. There was some discussion about which electrical components were 
approved by a certification agency. The hoist motor is UL approved; the 
pendant and limit switches are not. The Committee requested a documented 
electrical safety inspection of the transfer cryostat and associated equipment 
by a third party, such as a member of the NSLS Electrical Safety Committee. 

1.1.8. The transfer cryostat lifts are considered pre-engineered production lifts. 
The total weight of the new unit is the same as the old (~300 lbs.) and the 
same lifting fixture will be used for the Jüelich Cryostat. The Committee 
requested an independent review of the lifting procedure, and user checkout. 

                                                 
1 Mr. Lowry’s presentation, the review material provided to the Committee and these Minutes are posted on 
the LESHC website: 
http://www.rhichome.bnl.gov/AGS/Accel/SND/laboratory_environemnt,_safety_and_health_committee.ht
m.)  
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The original configuration preceded the Lifting Safety Subject Area, and 
Physics agreed to submit the required documentation to the Lifting Safety 
Committee. 

1.1.9. If cooling is lost, the target will vaporize within the insulating vacuum and 
the adjacent expansion tube.  The resulting pressure increase will not cause 
the 4 psig relief valve to lift.  The LEGS group has had warm-ups in the past 
using the Orsay cryostat. The target gas was subsequently recovered from 
the vacuum space and reused. 

1.1.10. The transfer procedure is largely unchanged from the original cryostat, 
except where necessary to reflect the physical upgrades of the new cryostat. 
The Physics department plans to exercise the procedure at room temperature 
and with a non-polarized hydrogen target. 
 

1.2. The following motions were crafted and unanimously approved by the 
Committee: 

1.2.1. Motion No. 1 - Prior to performing LEGS Jüelich Transfer Cryostat 
commissioning activities, the Physics Department must: 

1.2.1.1. Complete the Static Magnetic Field Exposure Form and submit it 
to the Subject Area SME (Nicole Bernholc) for review - Complete2. 

1.2.1.2. Conduct a static magnetic field survey and affix any postings that 
are required by the Subject Area  - Complete2. 

1.2.2. Motion No. 2 – At the end of the commissioning process, but prior to the 
start of the Jüelich Transfer Cryostat operations, the Physics Department 
must: 

1.2.2.1. Perform conditions 1.2.1.1 and 1.2.1.2 for the cooled cryostat. 
1.2.2.2. Perform a documented, independent electrical safety inspection of 

the transfer cryostat and associated equipment  - Complete2. 
1.2.2.3. Arrange for an independent review of the transfer cryostat lifting 

process including a review of the lifting procedure, and user checkout.  
1.2.2.4. Complete the appropriate “Lifting Safety” Subject Area forms and 

submit them to the Lifting Safety Committee. 
1.2.2.5. Perform dry runs of the transfer cryostat procedures at room 

temperature and at cryogenic temperatures. (See 1.1.10.) 
 
2. The Meeting was adjourned at 11:21 a.m. 
 

                                                 
2 This action was completed prior to the issuance of these minutes. 
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Response to BNL Hazard Identification Tool

6b – Is there any electrical equipment used in the operation with ... OR voltage
from 50V to 250V and current greater than 5mA OR... AND stored energy less
than 10J?

There are three commercial electrical devices that operate on 120VAC, the LN2
and LHe level meters and a temperature readout.  All are UL certified.  In
addition, a 120VAC motor for moving the lift point is mounted on the locally built
lifting fixture.  Its wiring, limit switches and control pendant were inspected as
part of the certification for the lifting fixture.

7c – Does this operation include the use of rigging?

The lifting fixture is a below the hook device, BNL Ser. No. 326 301-5, which is
certified and annually inspected and whose use is detailed in the manual (see
sections 2.5.2 and 3.5).  It also involves the use of any of three cranes: the one
ton monorail crane in the cryolab, 725-CRNE034, the one ton monorail crane in
the target room, 725-CRNE005, or the three ton bridge crane in the target room,
725-CRNE004.

8 – Do you work with any of the following non-ionizing radiation (NIR) sources:
...; or any equipment that would expose personnel to high levels of sub-
radiofrequency electric or magnetic fields includingstatic electric and magnetic
fields. (sic)

The permanent magnet array generates an external field above the 5 Gauss limit
in a limited region near the cryostat (see section 3.4).  The cryostat is currently
crated so the magnetic survey cannot be done but as soon as the new cart is
ready we will uncrate it and arrange with the NSLS for this cryostat to be included
in the magnetic assessment of the LEGS cryostats.

13 – Does this operation involve: the use of equipment, tools, or materials
outside of the deisgn (sic) spec?

No, but the operation does involve the use of locally built equipment which also
triggers this question.  The items are a cart (see section 2.5.1) and the lifting
fixture (see sections 2.5.2 and 3.5).

14b – Will operation require work outside normal working hours?

The need to move a polarized target can arise at any time and is not restricted to
“normal” working hours.
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Transfer Cryostat Piping and Valves

volume

Shutter

Relief poppet
(CircleSeal 532B

−2M−4)

Gate valve
MV1

RV1

insulating vacuum

sliding seal

16 ltr expansion

LHe reservoir

LN2 reservoir



BNL Static Magnetic Fields Exposure Form 
Part A:  Source Hazard Assessment Record 

 

1.2/1u03e011.doc  (09/2001) 1

USE THIS FORM TO DOCUMENT MAGNETIC FIELD SOURCES THAT ARE AT OR EXCEED 0.5mT (5 GAUSS) 
Line Managers or Principal Investigators, and ES&H Coordinators complete a separate form for each Static Magnetic Field source. This assessment applies 
to occupational exposures only.  This assessment does not apply to unmodified consumer products (phones, computer terminals, magnetic stirring devices, 
refrigerator magnets, etc.) that are used as intended. 
 

I.  Source Identification 
Department:  NSLS 
(X5 beamline is run by the Physics Dept.) 

Building: 725A Room or Area (location of source): 
X5 Beamline; Rms. 1-168 and 1-169 
 
 

Identifier/ Name of Source:  X5 beamline solid Hydrogen Deuteride (HD) cryostats 
 
 
Status of Source Usage (check all that apply): 
 [X ] In use on frequent basis             [ ] Planned use in the near future                    [ ] Possible future use                      [ ] No planned use   
 [ ] Intermittent use                           [ ] One-time use                                              [ ] Other: 
 
Check or Describe Use or Process:    [X ] permanent magnet      [ ] medical device      [ ] Magnetic Resonance Imaging equipment          
[X ] Nuclear Magnetic Resonance equipment      [X ] super-conducting coils      [ ] magnetometers      [ ] accelerator magnets                      
[ ] detector magnets      [ ] ion pumps      [ ] electron microscope      [ ] beam transport magnet      [ ]  electromagnet lifting device               
[ ] other (specify):  

II.  Exposure Summary   [Complete Part B: Field Strength Measurement Record or attach documentation from manufacturer]    
BNL Exposure Limits Target Body Area (mT) (G) 

Cardiac Pacemaker (Ceiling) 0.5 5 
Ferromagnetic Objects (Ceiling)*   60 600 

Torso or Head (Whole Body) (8-hour TWA) 60 600 

Extremities (Limbs) (8-hour TWA) 600 6,000 

Whole Body (Ceiling) 2,000 (2 T) 20,000 

Extremities (Limbs) (Ceiling) 5,000 (5 T) 50,000 
*Ferromagnetic Objects (Ceiling), including medical implants and prostheses, may be affected by fields.  Additional evaluation is 
required.   
Maximum Exposure Potential surveyed applicable to worker exposure:   
Maximum fields surveyed were: 
Dilution Fridge = 30 gauss in center at floor level (cryostat runs at 15 Tesla; almost entire cryostat is in an 8’ deep 
pit); 5 gauss level is at ~6’ distance.  Workers cannot access body of cryostat unless unit is turned off, unit is 
brought up to room temperature and confined space procedure for access to pit is followed. 
Storage Cryostat = 870 gauss at contact 24” above floor level (cryostat runs at 10 Tesla max field at the center of 
the superconducting solenoid; cryostat sits on floor fully exposed); 600 gauss at 19” from surface; 5 gauss at 60” 
from surface; 18 gauss at Caution tape at 36”. 
Transfer Cryostat (old) =  175 gauss max at core of magnet (cryomagnet) 
Transfer Cryostat (new) = 1200 gauss at core of magnet (permanent magnet) 
In-Beam Cryostat = 0.3-1.0 Tesla inside cryostat can; 1 T max field at the center of the superconducting solenoid at 
end of tube; note that when tube is inserted into detector, personnel cannot make contact with this tube. 
NMR equipment.  The highest measured RF field strength does not exceed 2.1% of the exposure limits (see ESR for 
details on RF survey). 
III.   Exposure Hazard Evaluation  [Check all that apply] 
1.   [  ]   Field Strength does not exceed 0.5mT (5 Gauss).  Go to section V.  
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2a. [  ]   Field strength is at or exceeds 0.5 mT (5 Gauss).  No potential for individuals with medical electronic devices to be 
exposed above exposure limits.  Explain in line 4. 

2b. [  ]   Field strength is at or exceeds 0.5 mT (5 Gauss).  Individuals with medical electronic devices* may be affected.    List 
users of cardiac pacemakers and other medical electronic devices in Part C: Employee Exposure Record.  

3a. [ X ]  Field strength is at or exceeds 60 mT (600 Gauss) but for less than 8 hours TWA.  No individuals with medical 
electronic devices* or ferromagnetic implants/prostheses** present. 

3b. [  ]  Field strength is at or exceeds 60 mT (600 Gauss) but for less than 8 hours TWA.  Individuals with medical electronic 
devices* or ferromagnetic implants/prostheses** may be affected.  List users of medical electronic devices or ferromagnetic 
implants/prostheses in Part C: Employee Exposure Record.  

3c. [  ]  Field strength is at or exceeds BNL Exposure Limit (8-hr. TWA or ceiling limit).   No potential for individuals to be 
exposed above BNL Exposure Limit.  Explain in line 4. 

3d. [  ]  Field strength is at or exceeds BNL Exposure Limit  (8-hr. TWA or ceiling limit).   Potential for individuals to be 
exposed above BNL Exposure Limit.  List the names of individuals in Part C: Employee Exposure Record. 

  * Medical electronic devices includes cardiac pacemakers, electronic inner ear prostheses, insulin pumps.  
** Ferromagnetic implants/ prostheses includes aneurysm clips, replacement hips. 
4.  Describe job/task and potential for employee exposures (e.g., type of work performed around source, method of control, time 
spent in fields [hours/day] and method of determining exposure):  
The cryostats are used for manufacturing solid HD targets, storing the targets, transporting the targets and positioning the targets in the 
gamma beam for analysis. 
The X5 facility as a whole is posted for magnetic fields.  Each unit is also posted with specifics.  Barriers are placed around the storage 
cryostat during operation to keep personnel well away from the high fields at contact.  The dilution fridge is located in an 8’ pit and 
poses no hazards at the floor surface.  The transfer cryostat fields are ~5 gauss at contact for the old cryostat and ~13 gauss at contact 
for the new cryostat.  The highest fields for the in-beam cryostat are at the end of the tube where fields reach 950 gauss at contact (not 
accessible to personnel when tube is inside detector) but decrease to 60 gauss at 5” and 5 gauss at 15”. 
Personnel frequently are in the areas around the cryostats working on electronics and other experimental equipment.  When the HD 
targets are exposed to the gamma beam, personnel are interlocked out of this area due to the radiation hazard. 
 
5. Frequency of exposure (e.g., # days per year or month, # tests per year, in continuous use, etc.): 
The Dilution Fridge runs almost constantly.  Other cryostats operate as needed during experimental runs.  
The Transfer Cryostat is used only when a solid HD target is to be moved between dewars. This occurs at a frequency of a few times 
per year. The old cryostat magnet stays energized for about one hour only when cooled during each target transfer.  The new cryostat 
magnet is a permanent magnet and is exhibits filed all the time. 
The In-Beam Cryostat operates only when it is holding a target in the beam.  Except for a short time (~1 hr) during target transfer, the 
In-Beam Cryostat tube is inserted in the middle of a large detector system (SASY) while the magnet is energized. This constitutes a 
physical barrier that forces personnel to stay meters away from the superconducting magnet.   Fields inside the cryostat can are largely 
contained. 
The Storage Dewar is anticipated to run for about six months/year over the next two years. However, personnel need to stay close to 
the SD, i.e. within the posted magnetic field physical barriers, only for the time necessary (a few minutes) to connect liquid helium and 
liquid nitrogen transfer lines. This occurs once every 2 days when the SD magnet is energized. 
 
IV.  Precautions / Engineering & Administrative Controls 
Precautions During Use (check all that apply): 
__X_  Signs                                        ___ Lights 
__X  Barriers                                    ___ Restricted access 
___  Rotation of workers 
__X_  Working when de-energized 
___  Use of nonferromagnetic tools 
___  Physical indicator of fringe fields (e.g., use of string with          

paper clips or equivalent) 
  

 
Other:   
Exhaust fans are available for the hydrogen (HD) targets (these 
fans are explosion proof) and for ODH conditions.  Alarms for 
these fan systems are local and in the NSLS Control Room.  
Procedures for reacting to alarms are in place and personnel have 
been trained. 
 
 

Written Documentation: 
__X_ Experimental Review (Work Planning and Control for Experiments and Operations Subject Area) 
___ Work Planning and Control  (Work Planning and Control for Experiments and Operations Subject Area) 
__X_ Written SOP (describe): All cryostats were originally reviewed by the BNL Cryogen Safety Committee and the NSLS ESH 
Committee.  Recently, a revised In-Beam Cryostat and Transfer Cryostat were reviewed by the BNL Cryogen Safety Committee. 
 

https://sbms.bnl.gov/standard/3k/3k00t011.htm
https://sbms.bnl.gov/standard/3k/3k00t011.htm
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Other workers who may require information/written documentation/training to enter this area:  
All personnel listed on the SAF and who work in the X5 experimental areas. 
 
Checklist: 
 Employee training required:          __X__ Static Magnetic Fields Web Course        __X__ Dept/Division-Specific Training     
 Supervisors training required:       __X__ Static Magnetic Fields Web Course        __X__ Dept/Division-Specific Training 
The Dept./Div. training is administered by the X5 staff.     
 Training required to be linked in Job Training Analysis for affected work groups / job classifications:    __X__yes     ____no 
Staff are linked to JTA #GE-12 – Static magnetic field training. 
Medical approval required for individuals with medical electronic devices                             ____yes    ____no 
Medical review required for individuals above 8-hour TWA or ceiling                                   ____yes    ____no 
N.A. for both at this time. 

 
V.    Initial Assessment 
Completed by: Nicholas F. Gmür Date: 

Reviewed by ES&H Coordinator:  Nicholas F. Gmür Date: 
 

Forward the original form to the Static Magnetic Fields Subject Matter Expert, copies to your ES&H Coordinator and Facility 
Support Representative. Retain a copy in your files. Update and resubmit the assessment when changes occur.  
 
 



BNL Static Magnetic Fields Exposure Form 
Part B:  Field Strength Measurement Record 

1.2/1u03e011.doc  (09/2001) 4

 
Field Strength Measurement Record 
 
DATE:  8/18/2003 
 

SURVEYOR:   R. Zantopp, assisted by Chris Bade of X5 staff. 

 
 
I. AREA INFORMATION 

DEPT.:  NSLS BLDG.:  725A ROOM:  1-169 

SOURCE:  X5 Dilution Fridge 

 
CONTROLS:       ___ BARRIERS           __X_ SIGNS              ___ USE NON-FERROMAGNETIC TOOLS             __X_ OTHER: 
Cryostat held in 8’ deep pit in concrete.  Signs on surface of apparatus.  Confined space procedure required for entry into pit. 

II. SURVEY INSTRUMENT INFORMATION 

INSTRUMENT:  THM 7025 MODEL: 7025 SERIAL#:  TH-BO 331 

FACTORY 
CALIBRATION DATE:  10/28/2002 

 
FUNCTIONAL CHECK  
(Test of meter response to known magnetic source)          DATE: 
 

 
 
III. SAMPLING INFORMATION & RESULTS  
 
HAZARD: STATIC MAGNETIC FIELDS 

 
UNITS:    ___ mGauss           ___ Gauss           __X_  mTesla          ___ Tesla          

Amp/meter
 

INDICATE WHERE READINGS WERE TAKEN IN THE TABLE BELOW AND ON THE SKETCH (GRID) ON NEXT PAGE.  EQUIVALENT METHODS OF DOCUMENTATION MAY BE ATTACHED 
(E.G., PICTURE, PLAN VIEW WITH EXPOSURE LEVELS INDICATED) 

DISTANCE 
FROM SOURCE 

 
LOCATION READING COMMENTS

See drawing 
below 

 Room 1-169 
 

See below 
 

Magnet operating at 15 Tesla 
 

 
 

 
 

 
 

 
 

 

Room 1-169
Bldg.725

2.5 mT at surface
0.5 mT at 4 ft above

3.0 mT at floor level

0.5 mT at 4 ft from center
and 3 ft up

0.5 mT at 6 ft from center
and floor level

6’ x 6’ 
Wood frame

Static magnetic measurements at the X-5 Dilution Fridge
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Continuation of Section III. 

Field Strength Measurement Record 
 
DATE:  10/29/2003 
 

SURVEYOR:  Rudy Zantopp 

 
 
I. AREA INFORMATION 

DEPT.:  NSLS BLDG.:  725A ROOM:  1-168 

SOURCE:  X5 storage cryostat with superconducting magnet (Janis Research Corp.) 

 
CONTROLS:       __X_ BARRIERS           __X_ SIGNS              ___ USE NON-FERROMAGNETIC TOOLS             ___ OTHER: 
 

II. SURVEY INSTRUMENT INFORMATION 

INSTRUMENT:  Metrolab MODEL:  THM 7025 SERIAL#:  TH-BO 331 

FACTORY 
CALIBRATION DATE:  10/28/2002 

 
FUNCTIONAL CHECK  
(Test of meter response to known magnetic source)          DATE: 
 

 
 
III. SAMPLING INFORMATION & RESULTS  
 
HAZARD: STATIC MAGNETIC FIELDS 

 
UNITS:    ___ mGauss           ___ Gauss           __X_  mTesla          ___ Tesla          

Amp/meter
 

INDICATE WHERE READINGS WERE TAKEN IN THE TABLE BELOW AND ON THE SKETCH (GRID) ON NEXT PAGE.  EQUIVALENT METHODS OF DOCUMENTATION MAY BE ATTACHED 
(E.G., PICTURE, PLAN VIEW WITH EXPOSURE LEVELS INDICATED) 

DISTANCE 
FROM SOURCE 

 
LOCATION READING COMMENTS

See below 
 

 Room 1-168 
 

See below 
 

Magnet operating at ~8.7 Tesla 
 

 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

20 “

56 “

24 “

87 mT
@ contact

60 mT19 “60 “
0.5 mT

5 mT

1.8 mT at caution tape (36 “)

X-5 Storage Cryostat
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Field Strength Measurement Record 
 
DATE:  8/18/2003 
 

SURVEYOR:   R. Zantopp, assisted by Chris Bade of X5 staff. 

 
 
I. AREA INFORMATION 

DEPT.:  NSLS BLDG.:  725A ROOM:  1-168 

SOURCE:  X5 Transfer cryostat (OLD VERSION)

 
CONTROLS:       ___ BARRIERS           __X_ SIGNS              ___ USE NON-FERROMAGNETIC TOOLS             ___ OTHER: 
  

II. SURVEY INSTRUMENT INFORMATION 

INSTRUMENT:  THM 7025 MODEL: 7025 SERIAL#:  TH-BO 331 

FACTORY 
CALIBRATION DATE:  01/26/2004 

 
FUNCTIONAL CHECK  
(Test of meter response to known magnetic source)          DATE: 
 

 
 
III. SAMPLING INFORMATION & RESULTS  
 
HAZARD: STATIC MAGNETIC FIELDS 

 
UNITS:    ___ mGauss           ___ Gauss           __X_  mTesla          ___ Tesla          

Amp/meter
 

INDICATE WHERE READINGS WERE TAKEN IN THE TABLE BELOW AND ON THE SKETCH (GRID) ON NEXT PAGE.  EQUIVALENT METHODS OF DOCUMENTATION MAY BE ATTACHED 
(E.G., PICTURE, PLAN VIEW WITH EXPOSURE LEVELS INDICATED) 

DISTANCE 
FROM SOURCE 

 
LOCATION READING COMMENTS

See drawing 
below 

 Room 1-168 
 

See below 
 

Magnet operating at 175 gauss 
 

Transfer Cryostat at X-5

0.4 – 0.5 mT
@ contact

140 in.

6 in. diameter
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Field Strength Measurement Record 
 
DATE:  8/26/2004 
 

SURVEYOR:   R. Zantopp 

 
 
I. AREA INFORMATION 

DEPT.:  NSLS BLDG.:  725A ROOM:  1-168 

SOURCE:  X5 Transfer cryostat (NEW VERSION)

 
CONTROLS:       ___ BARRIERS           __X_ SIGNS              ___ USE NON-FERROMAGNETIC TOOLS             ___ OTHER: 
  

II. SURVEY INSTRUMENT INFORMATION 

INSTRUMENT:  THM 7025 MODEL: 7025 SERIAL#:  TH-BO 331 

FACTORY 
CALIBRATION DATE:  01/29/2004 

 
FUNCTIONAL CHECK  
(Test of meter response to known magnetic source)          DATE: 
 

 
 
III. SAMPLING INFORMATION & RESULTS  
 
HAZARD: STATIC MAGNETIC FIELDS 

 
UNITS:    ___ mGauss           ___ Gauss           __X_  mTesla          ___ Tesla          

Amp/meter
 

INDICATE WHERE READINGS WERE TAKEN IN THE TABLE BELOW AND ON THE SKETCH (GRID) ON NEXT PAGE.  EQUIVALENT METHODS OF DOCUMENTATION MAY BE ATTACHED 
(E.G., PICTURE, PLAN VIEW WITH EXPOSURE LEVELS INDICATED) 

DISTANCE 
FROM SOURCE 

 
LOCATION READING COMMENTS

See drawing 
below 

 Room 1-168 
 

See below 
 

Magnet operating at 1200 gauss 
 

(New)Transfer Cryostat at X-5

0.5 mT
@ contact

140 in.

6 in. diameter
Bellows

1.3 mT
@ contact
(0.5 mT @ 1”)

0.1 mT @ contact

Permanent magnet
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DATE:  5/28/2004 
 

SURVEYOR:   R. Zantopp 

 
I. AREA INFORMATION 

DEPT.:  NSLS BLDG.:  725A ROOM:  1-168 

SOURCE:  X5 In-Beam Cryostat 

 
CONTROLS:       ___ BARRIERS           __X_ SIGNS              ___ USE NON-FERROMAGNETIC TOOLS             ___ OTHER: 
 

II. SURVEY INSTRUMENT INFORMATION 

INSTRUMENT:  THM 7025 MODEL: 7025 SERIAL#:  TH-BO 331 

FACTORY 
CALIBRATION DATE:  01/26/2004 

 
FUNCTIONAL CHECK  
(Test of meter response to known magnetic source)          DATE: 
 

 
 
III. SAMPLING INFORMATION & RESULTS  
 
HAZARD: STATIC MAGNETIC FIELDS 

 
UNITS:    ___ mGauss           ___ Gauss           __X_  mTesla          ___ Tesla          

Amp/meter
 

INDICATE WHERE READINGS WERE TAKEN IN THE TABLE BELOW AND ON THE SKETCH (GRID) ON NEXT PAGE.  EQUIVALENT METHODS OF DOCUMENTATION MAY BE ATTACHED 
(E.G., PICTURE, PLAN VIEW WITH EXPOSURE LEVELS INDICATED) 

DISTANCE 
FROM SOURCE 

 
LOCATION READING COMMENTS

See drawing 
below 

 Room 1-168 
 

See below 
 

Magnet operating at 1 Tesla
NOTE:  when tube is inserted into detector, 
contact with the tube is not possible.

 
 

Circular Tank
16 in. dia.

2.4 mT
@ contact

2 mT
@ contact

0.5 mT
@ 10 in

1.8 mT
@ contact

0.8 mT
@ contact

0.5 mT
@ 5 in. 6 mT @ contact

0.5 mT @ 12 in circumference

95 mT @ contact
6 mT @ 5 in. and
0.5 mT @ 15 in.
circumference

Tube is approximately
40 long and 3.5 in
in diameter

In- beam cryostat
at X-5

Flanges

Circular Tank
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Employee Exposure Record  

 

DATE:  May 20, 2004 
 
COMPLETED BY:  Nicholas F. Gmür – No medical issues 
 

 
 
I.  AREA INFORMATION 

DEPT.:  NSLS BLDG.:  725A ROOM:  1-168, 169 

SOURCE:  X5 cryostats 

 
NOTE:  MEASUREMENTS OR CALCULATIONS IDENTIFY THE INDIVIDIUALS BELOW TO HAVE THE POTENTIAL FOR EXCEEDING 
REGULATORY EXPOSURES LEVELS. 

 
 
II.  EMPLOYEE INFORMATION 

 
 
FIRST NAME: 

 
LAST NAME: 

 
BNL #: 

 
DEPT: 

 
BLDG: 

 
JOB TITLE: 

 
EXPOSURE DURATION (Hrs): 

 
EXPOSURE (Times per Day): 

 
EXPOSURE (Days per Yr): 

JOB/TASKS PERFORMED: 

 Check all that apply:                                                                                                                            ____ Exposure above BNL Exposure Limit 
__ MEDICAL ELECTRONIC DEVICE USER    or   ____ FERROMAGNETIC PROSTHESIS  &       ____ Exposure above 5 Gauss  

 
 

 
FIRST NAME: 

 
LAST NAME: 

 
BNL #: 

 
DEPT: 

 
BLDG: 

 
JOB TITLE: 

 
EXPOSURE DURATION (Hrs): 

 
EXPOSURE (Times per Day): 

 
EXPOSURE (Days per Yr): 

JOB/TASKS PERFORMED: 

 Check all that apply:                                                                                                                            ____ Exposure above BNL Exposure Limit 
__ MEDICAL ELECTRONIC DEVICE USER    or   ____ FERROMAGNETIC PROSTHESIS  &       ____ Exposure above 5 Gauss 

 
 

 
FIRST NAME: 

 
LAST NAME: 

 
BNL #: 

 
DEPT: 

 
BLDG: 

 
JOB TITLE: 

 
EXPOSURE DURATION (Hrs): 

 
EXPOSURE (Times per Day): 

 
EXPOSURE (Days per Yr): 

JOB/TASKS PERFORMED: 

 Check all that apply:                                                                                                                            ____ Exposure above BNL Exposure Limit 
__ MEDICAL ELECTRONIC  DEVICE USER    or   ____ FERROMAGNETIC PROSTHESIS  &       ____ Exposure above 5 Gauss 

 
 
Forward the original form to the Static Magnetic Fields Subject Matter Expert, copies to the Occupational Medicine Clinic, 
your ES&H Coordinator, and Facility Support Representative. Retain a copy in your files. Update and resubmit the 
assessment when changes occur.   
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Lessard, Edward T

From: Travis, Richard J
Sent: Friday, September 10, 2004 10:34 AM
To: Ackerman, Andrew; Boerner Jr, Albert; Curtiss, Joseph A
Cc: Sandorfi, Andrew; Lessard, Edward T; Travis, Richard J
Subject: LESHC 04-07, Closure of Electrical Inspection Condition

Follow Up Flag: Follow up
Flag Status: Flagged

Thanks, Gentlemen.
The draft minutes will be issued shortly. This condition will be marked as complete.
Rich

 -----Original Message-----
From: Ackerman, Andrew  
Sent: Tuesday, September 07, 2004 1:53 PM
To: Sandorfi, Andrew; Travis, Richard J
Subject: FW: TC Motion Control Electronics

The message below is a report of electrical inspection and approval of the LEGS transfer cryostat.  Please accept this 
as confirmation that the device was inspected and found acceptable for use at the NSLS.

Andrew Ackerman
NSLS

______________________________________________ 
From: Boerner Jr, Albert  
Sent: Thursday, August 26, 2004 9:19 AM
To: Lowry, Michael; Ackerman, Andrew
Cc: Aloi, John; Zuhoski, Peter B; Chmiel, Robert
Subject: FW: TC Motion Control Electronics

Gentleman,
Joe and I reviewed the material and the E-mail below is Joe's response. Electrically this piece of 

equipment is acceptable.  

Al Boerner PMP
Project Engineer
X5990
 

 -----Original Message-----
From: Curtiss, Joseph A  
Sent: Thursday, August 26, 2004 8:36 AM
To: Boerner Jr, Albert
Subject: TC Motion Control Electronics

Al Boerner -

Thank you for the opportunity to review the TC Motion Control Electronics, including the schematic 
dated 23 Aug. 04 drawn by A. Caracappa. 
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The device is a motorized hoist intended for raising a large tube during servicing operations, and 
consists of a 120-volt 60 Hz reversible motor, a relay-based control circuit operating at 12-volts d.c., 
and limit switches and a hand-held operating control also operating at 12-volts d.c. The 120-volt circuit 
to the motor is protected by a circuit breaker built into the equipment and is routed through relay 
contacts to the motor, thus the operator is never exposed to more than the low voltage control circuit. 
The equipment is connected to 120-volts by a line cord with a plug for insertion into a convenient 
receptacle, thus providing for simple application of lockout/tagout should servicing be necessary. The 
enclosure and motor are grounded and the device will be mounted on top of a grounded rack.

Based on my review of this equipment and its intended use, I approve the device for deployment within 
the NSLS. 

- Joseph A. Curtiss, P.E.
- Laboratory Electrical Safety Officer  
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Brookhaven National Laboratory

Hazard Identification Tool

Operation Title:Juelich Transfer Cryostat
Point Of Contact:Michael Lowry

Hazard Rating:2  (explanation of rating)

Required Documentation:

Because of the hazards identified, this operation has the potential of being an operation with a medium 
initial risk. Please ensure that you adequately address the magnitude of the hazard (i.e., quantity, duration,
frequency, physical state) in your analysis.

The following questions were answered YES and contributed to a hazard rating of 2:

6b. Is there any electrical equipment used in the operation with voltage less than 50V and power greater than 
1000W OR voltage from 50V to 250V and current greater than 5mA OR voltage greater than 250V and 
current less than 500 mA AND stored energy less than 10J?
7c. Does this operation include the use of rigging?
8. Do you work with any of the following non-ionizing radiation (NIR) sources: permanently installed Radio 
Frequency Micro Wave (RFMW) gear capable of radiating over 1 W into an open area at frequencies 
between 3 kHz and 300 GHz or of emitting over 100 W if the output is normally completely enclosed by 
coaxial cables, waveguides, or dummy or real loads; satellite and permanently installed communications 
transmitters (not receivers); portable walkie-talkie communications sets capable of radiating over 7 W at 
frequencies between 100 kHz and 450 MHz, and over 7 (450/f) W at frequencies between 450 MHz and 1.0 
GHz (f in MHz); induction heaters. (Microwave ovens used as a household appliance, cellular phones, video 
display terminals, and radar speed Guns are exempt.); or any equipment that would expose personnel to high 
levels of sub-radiofrequency electric or magnetic fields including static electric and magnetic fields.
13.Does this operation involve: the use of equipment, tools, or materials outside of the deisgn spec?
14b. Will operation require work outside normal working hours?

Notes:

(6) All energized electrical equipment must be included in the equipment inventory for your group. 
Contact the Electrical Safety Officer for more information.
(6) A list of nationally recognized testing laboratories and recognized manufacturers is available from 
the ESO
(7c1) There are requirements for cranes to have an annual ANSI electrical and mechanical inspection 
AND maintenance review. If you would like to add your equipment to the facilities annual request for
these services contact Plant Engineering Maintenance Management. Additionally, there are
requirements for monthly (Inspection Record for Overhead Bridge and Gantry Cranes AND Monthly 
Inspection Record for Shop Cranes) and pre-operational (Pre-operational Inspection Record for 
Overhead Cranes and Hoists) checks for this equipment. In your analysis please enter the crane number 
and load capacity of the crane. See ESH Std 1.6.0 Material Handling for checklists.
(7c2) Hoists are required to be load tested before use, have the load capacity listed on them, and to 
have monthly inspections (Monthly Monorail Overhead Hoist, Monthly Fixed Hoist, Monthly Manual 
Lever Operated Hoist). In your analysis please list the hoist number and the load capacity of the hoist, 
if applicable.
(8) NIR sources must be listed on the BNL NIR inventory and may require measurements to be taken. 
If your equipment is not part of this inventory, please contact your FSS representative for further 
guidance. Note in your analysis that sources are included in the inventory.
(13) Please list the equipment that you are using outside of design specifications or manufacturer 
recommendations and/or locally built equipment in your analysis along with associated controls.

BNL Requirements: 
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ESH Standard 1.6.0 Material Handling
ESH Standard 1.5.1 Lockout/Tagout Requirements
ESH Standard 2.3.2 RF and Microwave
Magnetic Fields, Static subject area

BNL Lessons Learned:

BNL Lessons Learned: Electrical/NEC
BNL Lessons Learned: Elevated Work/Falling Objects
BNL Lessons Learned: Ergonomics/Lifting
BNL Lessons Learned: Personal Injury/Exposure, Mechanical Injury
BNL Lessons Learned: Personal Injury/Exposure, Hazardous Materials (General)
BNL Lessons Learned: Personal Injury/Exposure, Other
BNL Lessons Learned: Personal Injury/Exposure, Hazardous Materials (General)
BNL Lessons Learned: Human Factors
BNL Lessons Learned: Human Resources
BNL Lessons Learned: Personal Injury/Exposure, Ambient Temperature Extremes

References:

Department Of Energy
OSHA Code of Federal Regulations
National Fire Protection Agency
American National Standards Institute
Institute of Electrical and Electronics Engineers, Inc.
American conference of Governmental Industrial Hygienists
29 CFR 1910 Subpart S - Electrical Safety (29 CFR 1910.301-308)
29 CFR 1926 Subpart K - Electrical (29 CFR 1926.400-499)
ANSI National Electrical Safety Code (ANSI-C2)
NFPA National Electrical Safety Code (NFPA-70 and 70E)
ESH Standard 1.5.2 Design Criteria for Electrical Equipment
Electrical Safety Implementation Guide
ESH Standard 1.5.1 Lockout/Tagout Requirements
ESH Standard 1.5.0 Electrical Safety
29 CFR 1910 Subpart O Machinery and Machine Guarding
29 CFR 1910.147 Control of Hazardous Energy
29 CFR 1910.179 Overhead and Gantry Cranes
29 CFR 1910.180 Crawler locomotive and truck crane
29 CFR 1910.181 Derricks
29 CFR 1910.183 Helicopter
29 CFR 1910.184 Slings.
29 CFR 1920.97 Non-ionizing Radiation
ACGIH Threshold Limit Values and Biological Exposure Indices
IEEE Std C95.1 Standard for Safety Levels with Respect to Human Exposure to Radio Frequency 
Electromagnetic Fields

Back to a new Hazard Questionnaire

Frequently Asked Questions

BNL Home | Phone Book  

B R O O K H A V E N   N A T I O N A L   L A B O R A T O R Y 
Operated by Brookhaven Science Associates for the US Department of Energy

Privacy and Security Notice
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Privacy and Security Notice
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Transfer Cryostat Piping and Valves

volume

Shutter

Relief poppet
(CircleSeal 532B

−2M−4)

Gate valve
MV1

RV1

insulating vacuum

sliding seal

16 ltr expansion

LHe reservoir

LN2 reservoir

���m]���[^_en@&*Y�[©Z\����¨ _+[Xhp[�iT�T��`¤Z\`�¯*�m�5�m��]�Z���b�	Z�lU�T_+�X��j¤»�_u��Z\`©��j

�



£5SURKf�Y�_u��l�Z¡`©[^Z������T_u[��^_\Sc� juZ�lmj+��l�Z¼`©�m������¨8`^»�_�_a²�`^_u[^��Z�l)��Z�]T��_a`©�mj�$:_+lm�ju����`^�T��[��#�m�X]����T_+�
�m�®����]T��[�_#��S �p_ul���� `©»�_e��Z�]T��_a`C�m��Z�����lU`©� �vlm_uZ\¨ )k����[^����] �v�T�{_+[©Z\`^_u �^»��5`�`©_+[�`^»:Z\`��^_uZ�lm� `©»5_
" ��`^`^�T��¨ [��T� [^���T� `©_u���._u[©Z¼`©��[�_#[©Z���mZ\`©���T��S*����`©_�`^»:Z\`�lm���"_u[��m��]�`©»5_e`^�T� ��¨�`^»�_ " _+lml����C�
j�Z\���^_+��_a²�`^[^�����m�T� ��¨p`^»�_�l����p_+[c�.�T[�`^�m�T� ��¨p`©»�_�~!��fb[^_u��_u[��T�T��[�Z��5 `©»5_���»��k`^`©_+[c`^»�[^�T�5]T»
`©»5_d]TZ\`©_��\Z�lU�T_dZ\` `©»5_ " ��`�`©�T����¨ `^»�_ " _+lml����C�+S

��5�� ��� �� " < B���� ?	� <  
����� ���<  CA
Y »�_®lm��¢��5�m ju[�iT�T]T_+� [�_u�^_+[����T�m[�� Z�[�_®���^�TlmZ\`©_+ ¨ [^�T� [��k��� `©_+���._u[^Z\`©��[�_ " i¦Z\� _u�5julm���^�m�5]
�\Z�ju�5�����^�:Z�j+_%)<`©_+[^��_u�`^»�_������^�5l�Z\`^�m��]��\Z�j+�����®S Y »��m�C�T�Tl�����_d����jul����_+��`^»�_����� " lm_H�pZ�lml
��¨�`^»�_"~�V�_"[�_u��_u[����T�m[�`©� " _8¨ [^�T� `^»�_"j+[^�T���)Z\`�`©»5_	`^�T����¨k`©»�_"ju[�iT�T��`¤Z\`�����C��Z����5[^��²k�m��Z\`©_+l�i
»:Z�lU¨ ��¨ `^»�_ lm_+��]�`^»º��¨ `©»5_b~!V�_ [�_u�^_+[����T�m[+S��v`�ju����`©Z��m�5��`©»�_ ~��Xf�[^_+�^_+[��T���m[�Z��5º`©»�_¡VXW
`¤Z\[^]T_a`#��`^�^_ulU¨ S�Y »����X�\Z�ju���5� �^��Z�ju_�juZ�� " _�_+�\Z�ju��Z\`©_+ `^»�[^����]T»�`^»�_�]PZ\`^_c�\Z�l���_%)!± ��R�)MZ¼`
`©»5_ " �\`^`©������¨*`©»�_�ju[�i��T��`©Z\`�S�������`eZ " �y�T_c`©»:Z\`X]PZ\`^_c�\Z�l���_�����Z¡j+�T����_+j+`©���T��`^�bZ����C¹3RyÁ
`©_+_ `©»:Z¼`�j�Z�[�[^��_u��Z [�_ulm��_+¨C�.�T���._+`��\Z�lU�T_ )"����R KN��������(2)8Z\�� ��[^�y���m5_u��ju������_uja`©���T� `©� `©»5_
Ry£�j+��²®��j+� ²®n5S�n���_+`©_+[¥lm����] " Z�jE$ " �T��_#`©� " _�S*Y »5�m�¥`©� " _eZ�5��eRyÁ�lm�U`©_u[��p��¨ _a²k�:Z\���^���T�
�T��lm����_�`©� `©»�_ RK�blm�U`©_+[^����¨p�m������l�Z¼`©�m�5] ��Z\ju����� Z��� `©»����d]T�:Z�[^Z��P`©_u_+�d`^»:Z\`e`©»5_�j+[�i��T��`©Z\`
�C�ml�lM[^_+�¡Z���� " _+lm���3Z\`^���T����»�_+[^�mje��[�_u���^��[�_��^»5�T��lm�ju���Tlm����] " _dlm����`�Z����ZD`©Z�[^]T_a`��\Z��.�T[��!�u_
K f�RTSgÁ�l���`©_+[^� (aS

Y »�_ �T�k`©�^���_��pZ�l�l"��¨p`©»�_ 5�T� " l�_��pZ�lml8�^_+j+`^�m�T�º��Z%$\_u��j+�T�P`¤Z�ja`L�C��`^» `©»5_¡�^l��m�����]®�^_�Z\l
Z\`�`©»�_ `©��� ��¨X`^»�_ " _ul�lm���C�uS Y »5�m���^_�Z\lXZ�l�lm���C��`©[^Z����^lmZ\`©���T�¦Z��� [^��`©Z\`©���T� �\¨�`©»�_ `¤Z\[^]T_a`
Z\`�`¤Z�j¤»���_u�P`"�^j+[^_3� `^»�[^_uZ��S8h¥Z\[^_�������` " _�`©Z%$�_+��`©�d_u�5�^��[�_�`©»�Z\`8`©»�_ �¥Z\lml<�m�Dju����`©Z�j+` �C��`^»
`©»5_���lm����m��]b��_�Z�l*[�_u��Z��m�5�eZ\`d[^���T� `^_u���{_+[©Z\`^��[^_�`^����[�_+��_u�P`�¨ [�_u_*�+�m��] ��¨"`©»�_�F ��[��m��] Z\��
lm���^� ��¨��\Z�ju���5���m�P`©_+]T[^�U`�iTS

Y »�_��T�5`^�^���_ �pZ�lml���¨#`^»�_ lm���"_u[��^_uja`©���T� �m�¡Z RTS�� ��_a`©_+[¡lm����]D)¥»���]T»�lUi j+�T����[^_+�^�^� " lm_
" _ulml����C�uS8Y »��m��Z�l�lm���C�p��_u[�`^�mjuZ�lM���\`©�m���b��¨�`^»�_ " _+lmlm���C�¥`^�T��Z\lm�T��]=�C�U`©»b`©»5_�Z\`�`¤Z�j¤»5_u�~��Xf
[^_+�^_+[��T���m[cZ��� `^»�_�~�V�_�[�_u��_u[����T�m[dj�Z\�5`©��[�_u " i�`^»�_���lm����m��] ��_�Z�l8lm��j�Z¼`©_u(�T�(`©»�_ " _+lml����C�
`©����S

��5�� ������ �/> B�� >D<�� A
Y »�_8ju[�iT�T��`¤Z\`��"_u�m]�»�`�Z\��c����`^�m�T����Z�[^_*�������.�T[�`^_u�Z\��e]T���m5_u " idZ��dZ�lm�����m����� " Z�jE$ " �T��_ )
�C»���j¤»(���:Z����e��_uZ�[^lUi�`^»�_�¨ ��l�l )�nkSgÁb��_+`©_+[�lm_+��]�`^»���¨8`©»�_�j+[�iT����`¤Z¼`�S��¥`#`^»�_ " �\`^`©��� ��¨	`©»5_
" Z�jE$ " �T��_e�m�¥ZL�C�m��j¤» �C»��T��_djuZ " l�_��^���5�{�T[�`©�¥`^»�_��\Z�ju���5� ¨ �T[^j+_eZ���bj+�T�P`©[^��lm�¥`©»5_#����`^�m�T�
��¨C`©»5_b~!V�_¡`^� " _ Z\��º`©»�_ " _+lmlm���C�+S F#�º`^�T� ��¨C`©»5_ " Z�jE$ " �T��_b�m��Z lm�m�5_�Z�[e`©[^Z�jE$<S �:�T��[
�^��Z�l�l j�Z\[�`©� [��m�_�`^»�_#`©[^Z�jE$�`^��]����m�_�`^»�_ " _ulml����C� �^_uja`©���T����Z��� �T��_#juZ�[�`C[��m�_+�C��`¥`^��]T���m5_
Z���®�^�5���{��[�`C`©»�_#`^�T� ��¨�`^»�_ " _+lmlm���C�+S*Y »�_cj+[^�T����Z\`C`©»�_#`©���®�\¨ `^»�_d~�V�_e[^_u��_u[��T�T��[����CZ�lm���
]T�����_u " i Z j�Z�[�`e[^�m5�m��]��T� `©»�_ " Z�jE$ " �T�5_D`^[©Z�jE$<SdY »�_D�m�P`©_+[^���T[��\¨	`^»�_ " Z�jE$ " �T��_D�^_+[���_u�
Z���Z��®Z��5��`©���T�:Z�l RyÁ�l�`^[¥_a²k�:Z��5�^�m���®���Tlm����_�¨ �T[¥`^»�_eju[�i��T��`©Z\`�S

�



5

600

50

50 1000

mm

LEGS/Juelich Transfer Cryostat Magic Dipole

Magnetic Field Contours

5, 50, and 600 Gauss

B =1200 G
0

����]T��[�_��D&"±�Z�]T�5_+`©��j $:_ul� ju�T�P`©����[^���m�b��lmZ���_#j+�T�P`¤Z������m��]�_ ²�`©_u[��:Z�l $:_+lm �¡ZK²5�������®S

�



��5�� � �/ � " " <6>������ � � ��� A � B
Y �p�(Z��5��`©���T�:Z�l8����_uj+_u����¨�_+¢��5�m����_u�P`�»:Z���_ " _+_u� ju�T�5��`©[���j+`^_u `©��Z\�mº���º�©Z\¨ _+l�i ���y���m�5]
Z���®��`^�T[^����]�`©»5_dj+[�i��T��`©Z\`�S

Q��
	��NF w�Jyx.z.s+|yq5|bwcq�Jy|
� j�Z\[�`C»:Z�� " _u_+���5[^�y���m�_+'�C�U`©» Z�ju[^Z��lm_�`^��»��Tl� `©»�_eju[�iT�T��`¤Z\`�Z\` Z�Â�¾T¿CZ���]Tl�_#Z�� �p_+lmlMZ\�
�^��Z�ju_e`©�D»��Tl�b`©»�_elm��¢����m j+[�i��T]T_u��lm_a�T_ul!Z\��®`^_u���{_+[©Z\`^��[^_#[�_�Z�5�T�5`©�+S

Q��
	���Q �"L t |KLNr��� J��
� �^�._uj+��Z�l�l�i��¡Z�5_8Z�[^� »:Z�� " _+_u�dju�T�5��`©[���j+`^_ud`©�Clm�U¨1`!Z���e»��Tl�#`©»�_8ju[�iT�T��`¤Z\`�������j+_u�P`©_+[M¨ [^�T�
`©»5_�»��T����`uS�Y »�_�ju[�i��T��`©Z\`���Z�i " _c»�_ul��Z\`XZ��Pi Z��5]Tlm_ " _a`#�p_+_u� ¾ ¿ Z����½T¾ ¿ `©� »5�T[^� �u�T�P`¤Z\l S
�¥`d½T¾T¿3) `©»�_�j+[�i��T��`©Z\`e�m��»5_ulm Z¼`�`©»�_�`^�T����¨8`©»5_D~��Xf¡�^�:Z\ju_DZ��� " Z\l�Z���j+_u " i�Z j+�T���P`©_+[
�"_u�m]�»�`�»�����] ����`©»5_c��`^»�_u[�_u�5 ��¨)`^»�_�Z\[^�®S¥� n &�Rc��_+j¤»:Z�����j�Z�l!Z�k��Z\��`©Z�]T_cZ�lml����C��]�_u�P`©l�_
��lmZ�ju_+��_+��`"��¨{`©»�_�`©[©Z\����¨ _+["j+[�iT����`¤Z¼`¥�T��`©�T����¨�`©»5_���`©�T[^Z�]T_�ju[�i��T��`©Z\`,)k��[^�����ja`©���T��j+[�i��T��`©Z\`
Z��� ��ml��5`©���T� [^_+¨ [��m]T_+[©Z\`^�T[uS'�"i Z\`�`¤Z�j¤»�����]�`^»�_¡�\`©»�_+[�_u�5 ��¨¥`©»5_ Z�[��'`^��`©»5_ " ��`^`^�T�%��¨
`©»5_�ju[�iT�T��`¤Z\`*)!Z�������K������]¡`©»5_�lm�U¨1`X�.�T�m�P`*){`©»5_�ju[�i��T��`©Z\`e��Zyi " _�»�_+lm Z\`eZ¡ÂT¾ ¿ Z���]�lm_�¨ �T[
��lmZ�ju_+��_+��`�_u��`^»�_u[X�T� `©»�_��������.�T[�`^��¨ �T[�`^[©Z��5��¨ _u[��#�m� Z��5��T�5`#��¨8`^»�_��m� " _�Z��°ju[�iT�T��`¤Z\`e��[
�T�b`©»5_dj+[�i��T��`©Z\`XjuZ�[�`uS

� � � �¼B¥A �

� 574 
������ ��� � >����6?6A � 
Y »�_#`©�\`¤Z�l.�T�Tl�����_+� ��¨ lm�m¢����� ju[�iT�T]�_u����Z�[�_#¢��5��`©_#���¡Z\lml ).RTS���lm�U`©_u[��¥��¨ lm��¢��5�m ���U`©[��T]T_u� Z\��
RTSUR�lm�U`©_+[^����¨8lm��¢��5�m®»�_ul��m���®SXY »�_�lm�m¢�������5��`©[��T]T_+� �m�XZ\`#Z\`^�����^��»�_+[^��jc��[�_u���^��[�_�Z\����T_+�P`©�
`©»5[^�T��]�»�Z�n.�����X`^� " _\S8Y »�_elm�m¢�����b»�_ul��m��� �T_+��`^��`^»�[^����]T»�Z�n �\����`©� " _�S

� 5��  � " ��� 8 ��� >��6? A �
Y »�_�ju[�iT�T��`¤Z\`"j�Z���`©[^Z����^�.�T[�`8�T��_��^�Tl��mD»Pik5[^�T]T_+��`©Z�[^]T_a`6�C»��mj¤»�ju�T[�[^_+�^�.�T����	`©��fkRTS�Áel���`^_u[^�
�kYC¯�S¼Y »5_p�m�P`^_u[^��Z�lT�T�Tl�����_	���P`©� �C»��mj¤»e`©»�_8`¤Z\[^]T_a`��"�T��l��_ ²5��Z��������n5R"l���`^_u[^�+S)�����U¨5j+�k�Tl��m��]
�"_u[^_�lm�T��`,)¥`©»5_��m�P`^_u[^��Z�l��5[^_u���^��[�_ �p����lm [��m��_�`©� £5S�� �¥Z�[¡Z " �^��lm�5`^_%)¥��`©�ml�lClm_u���¡`©»�Z�� `©»5_
_a²�`^_u[^��Z�l8RTSg£ �¥Z�[+Sp��� `©»�_d_+��_u�P`��\¨*ZD�^lm��� lm_�Z $ ��¨*Z\�m[ �T[C���U`©[^��]T_u�+):���m]T�5� $:juZ��P`C¢���Z��P`©��`^�m_+�
ju����lm Z�j+������lmZ\`©_��T� `©»�_ ~!V�_¡`©� " _b��[��m�T[d`©��lm���^����¨�j+�k�Tl��m��]5S���� `^»��m��j�Z���_%)*`©»�_ Z\�m[���[
���U`©[^��]T_u� �5lm���¥»Pi��[��T]T_u� ���U²�`©�5[^_Xj+�T��l� _a²kju_+_u `©»�_�n5R#lm�U`©_u[	�m�P`^_u[^��Z�l{���Tlm����_�Z\�� Z��������
[^_+lm��_+¨*�\Z�l���_=�C�ml�l���_u�P`e`©»�_�_ ²5j+_u���d`^� `©»�_�[��k�T�®Sd����`^_�`©»:Z¼`,)Mju�����^���_u[��m��] ����l�i®`©»�_�lmZ\`©_+�P`
»�_uZ\`©�3) RTS�R�lm�U`©_u[��c�\¨�~�V�_¡juZ�� Z\`����T��`�j+�T���_+���^_ R����¡~ �\¨�~��Xf'�C»���j¤»ºju�T[�[^_+�^�.�T�����`^�

Ry£



�T��lUi�R���lm��`^_u[�� ��¨*]PZ��+S¥Y »����*).��lm���C`©»5_c»Pi��[^��]T_u�+)��"�T��lm�[^_+�^��lU`X����Z���[^_+�^�^�5[^_��\¨	fkSgfD�����m]D)
�m�5�^����ju��_u�P`8`©�#`©[��m]T]�_u[�`^»�_C�d�5�^�:[^_+lm��_+¨ S�Y »�_u[�_����*���e�m]T���U`©���T���^����[^j+_�����`©»�_ �\Z�ju�5��� �^��Z�ju_\S

� 5�� � >@A� �� >@A � A�  A "
Y »�_+[^_¡���e�T��l�i �T��_D��Z\ju�����%���:Z�j+_¡�^� `©»5_���Z¼²k�m���5� �� �{_u[�_u�P`©�mZ�l)��juj+��[^� �C��`^» R���S�� ���^�mZ
_a²�`^_u[^��Z�l8Z��� �u_+[^� �m�P`©_+[^�:Z\l S�Y »�_D��Z¼²k�m���5� �� � _+[^_+��`^��Z�l��m� `©»5_��\`©»�_+[#��m[�_uj+`^�m�T�����#]T�y�.�
_u[���_u " iD`©»5_�������� [�_ulm��_+¨{��Z\l��T_ ){Ru��S �d���^�mZc_a²�`^_u[^��Z�l ).Ry�5S��d������Z����P`©_u[��:Z�l S�Y »�_+�^_��\Z�lm�5_u�8¨NZ�lml
�T�5`^�^���_d`^»�_d�^ju���{_c��¨* 	�5V ��`¤Z��5:Z�[^(RTS���SURTS¥Y »�_ " _+lmlm���C�3).]TZ\`©_#�\Z�l���_�Z\���[�_u�^_+[����T�m[���Z�[�_
��`©Z��m�5lm_u���c��`©_+_ul8`�ik�._ n�£��P~ _a²kj+_u�5`�¨ ��[e`^»�_ " ��`�`©�T���e��¨¥`©»5_�[�_u�^_+[����T�m[��L�C»��mj¤» Z�[^_�ju�T�5�{_+[
`�i��{_�hXRy£5Ry£�£5S)Y »�_ " Z�jE$ " ����_��m�	Z�l������m����� `�i��._�ÁT£TÁkR3��YCÁ5S Y »�_u[�_#Z�[�_����c]Tl�Z\�^�	�T["�5l�Z���`©�mj
�C�m�5����C�uS

� 5�� � <6? ��ACB �  � � A " �
Y »�_	V���l " Z�j¤»eZ\[^[©Z�iXju�T��$�]T��[©Z¼`©�m����¨ �T[MZ �{_+[^��Z���_+��`!��Z�]T�5_+`M[�_u�^�5l�`©�M���eZ¥»��m]�»#ju_u�P`^[©Z�l $:_+lm+)
RKf�£�£��dZ\���^� �m��`^»��m� j�Z���_%) " �5`)�^��Z�lml�_a²�`^_u[^��Z�l�$:_+lm��+S�Y »�_ Z\juju_+�^��� " l�_¥_a²�`©_+[^�:Z\l�$:_ul���m� ¢�����`^_
�^������l�Z�[C�����¡Z�]�����`^���_c`^�b`©»:Z\`���¨8`©»�_���[�_+���m������`©[^Z�����¨ _+[#ju[�iT�T��`¤Z\`H�C»���j¤» »:Z��#�T��lUi Z�RK�\£
�eZ����^� ju_+��`^[©Z�l�$:_+lm�S�Y »�_¥Á�£T£��eZ������ j+�T�P`©�T��[ lm����_8��¨�`©»5�m���¡Z�]���_+`!¨NZ�l�lm�!_u�P`©��[^_+l�i �C�U`©»����c`©»5_
�\Z�ju�5����_u�P�T_+lm�T�._dZ���®�m�C���T[��¡Z\lml�i����:Z�juj+_u���^� " lm_�S8Y »�_����dZ\���^�Cju����`^�T��[C_a²�`^_u������T�5`^�^�m5_
`©»5_ ��Á����?��mZ���_a`©_+[���¨<`©»5_ �^�.�k�Tlk���m_+ju_+��K �^_+_C���m]T�5[^_u�*f�Z���D�0( ���e`^»:Z\`8Z�l���� _ ²5�.�T����[^_ ���
�.�T�^��� " l�_�SpY »5_�ju[�iT�T��`¤Z\`��m�C�T�5l�ib����_u ����Z\[^_�Z\�XZ�l�[^_uZ�5ib�.�T��`^_u®¨ �T[C��`¤Z¼`©�mje��Z�]T��_a`©��j�$�_ulm5�
Z���I�C�ml�l " _�����[���_+iT_++):Z����^_+�^�^_+ Z���I�C�ml�l�»:Z��T_�`©»�_�Z�����[��T��[���Z\`^_ ju�T�P`©[��Tlm�8������l�_u��_u�P`©_+ " i
`©»5_c�X�5~��{S

� 5�� 
��	� B ����?	� ��
�B � >DA
Y »�_ l���¨1`©����]�Z�[^�3�5`^�mlm� �u_+ " i�`^»��m�)5_+���mj+_¥�m��`©»�_ �^Z���_"�T��_¥�5�^_uD�T��`^»�_¥��[�_+���m�����*]T_u�5_u[©Z¼`©�m���
ju[�iT�T��`¤Z\`*)P�^���5��lm��_u " iIF�[��©Z�i�]�[^�T��� S�Y »�_ �_+�^��]T��»:Z�� " _u_+��j¤»�_ujE$\_u " i���l�Z\��`�_u��]��m��_+_u[^����]D)
Z���e`©»5_	5_+���mj+_"»:Z\� " _u_+�������^�._uja`©_uC)\`©_+��`^_u�Z\��cj+_u[�`©� $�_ue¨ �T[M`©»����!Z�����l��mj�Z¼`©�m��� " i#`©»�_	��l�Z\��`
_u�5]T�m��_+_u[��m��]�j+[©Z��5_��m�����{_+j+`^�T[uS*�v` �5���_u[�]T��_u�CZ������:Z\l �m�5�^�._uj+`^�m�T� " i�`©»�_#�5l�Z��P`¥_+��]T����_u_+[^�m�5]
ju[^Z���_e�m�5�^�._uj+`^�T[uS

�   >��pB���� �BCE

�p_a¨ �T[^_CZ\`�`©_+���5`^�m��]eZ\��i���¨<`©»�_C��[��kj+_u���[�_u�	�_+`©Z��ml�_u�����`©»�_ ¨ �Tl�lm���C�m��]��^_+j+`©���T���3)kZ\lml5�._u[��^�T� �
��_+l:�^»��T�5lm�Z�ju¢��:Z\�m�P`8`©»�_+����_ul���_u�6�C��`^»���`¤Z��5:Z�[^�l�Z " �T[^Z\`©��[�id�©Z\¨ _a`�iD��[^��ju_+���[�_u�*)��m�5julm�5��m��]
�\Z�ju�5��� ���������m��]@)�l��m¢������j+[�i��T]T_u�¡»:Z����l��m��]@)P�¡Z�]���_+`^�mj!$:_ul�¡�^Z\¨ _+`�i�Z������[^���{_+["»����m��`"�T� �
_u[^Z\`©���T��S)��lml��._u[��^�T�5��_ulM���5��`C»:Z��T_d[^_uZ�b`©»���� �¡Z\����Z�l ¨ ��l�l�i¡Z��� " _#j+_u[�`©� $�_u " i¡`©»�_e»�_uZ�
��¨ `^»�_b�5¯8V���h¥ ?`¤Z\[^]T_a`�]T[��T��� Z\`L�¥��~8S Y »��m�c_u¢���������_+�P`��m�d¨ �T[d_a²k�{_+[^����_+��`©Z�l	���^_ ����l�i

RTR



Z����[^_+¢����m[�_u�8»:Z���5lm�m�5] " i�`©[©Z\�m��_+��._u[��^�T�5��_ul<�T��lUiTS �v¨ `©»5_�j+[�i��T��`©Z\`	�{_+[�¨ �T[��¡Z��5ju_ �_a�k�mZ\`©_+�
¨ [^��� `©»�_��{_+[�¨ �T[��¡Z��5ju_C_a²k�._uj+`^_u �m�D`©»5�m�	�¡Z����:Z\l )Pju�����^��lU`-�C�U`©»�`^»�_�»�_�Z�¡��¨�`©»5_��5¯8V���h¥ 
`¤Z\[^]T_a`C]T[^�T�5�®��[��\`©»�_+[ _a²k�{_+[�`��m����_+���Z¼`©_ulUiTS

� 574 � � � " ����? B � 
�� �
Y »������5[^��ju_u5��[^_cju���Tlm�¥`^»�_cj+[�i��T��`©Z\`�¨ [��T� [��k�T� `©_+���._u[^Z\`©��[�_d`^��`^»:Z\`���¨ lm��¢��5�m ����`^[^�T]�_u�+)
�����#_ulU�k����S)�v`��m� [�_uj+�T����_u�5�_u `©»:Z¼` `©»�_#`©[^Z�����¨ _u[Cju[�iT�T��`¤Z\` " _d�����U`©� j�Z\[�` `©�D��`¤Z�[�`�S
RTS�hp»�_+jE$�`©»�_�~!��f�Z\�� ~!V�_�l�_+�T_+l8[^_�Z\��T�5`^�d`^����Z%$�_��^�5[^_ " ��`^» Z\[^_�ju�T���5_uj+`^_u Z\��

�"�T[ $�����]D��[^�T�._u[�l�i�S)Y »�_e�^_+���^�T[ ¨NZ���l l��m]T»P`©�"�^»�����lm ����` " _#lm�U` Z��5 " ��`^»b�^»��T�5lm [^_uZ�
Z\`C�\` " _+lm��� �+_u[^�5S

fkS�hp»�_+jE$ `©»�_d~!V�_#`^_u���{_+[©Z\`^��[^_e�^_+���^��[�[�_�Z�5�T�5`,)D�C»5�mj¤»®�^»��T�5lm " _dnT£�£ �#_+l����m��S
n5S��C_uj+�T[^ `©»�_#`^�m��_#Z��� [^_uZ������]T�C�m� `^»�_eju[�i��T��`©Z\`�lm�T] " ����$<S
��SC�¥`�`¤Z�j¤» Z®`©�5[ " �����5��������]®��`¤Z¼`©�m��� `^��`^»�_�]TZ\`©_��\Z�l���_ ± ��R Z¼`d`^»�_ " ��`�`©�T� ��¨¥`©»5_
j+[�iT����`¤Z¼`�S	 )��Z\ju�:Z\`^_#`©»�_e�m�5�^��lmZ\`©����]��\Z�ju���5� �^�:Z\ju_e`©� " _a`^`^_u[ `©»:Z\� ���
	y¾����^`©�T[�[uS

�kSC�¥`�`¤Z�j¤» Z�[��T��]T»5�m��] �5����� `©� �T�5_¡�T_+��`D�.�T[�`���¨ `^»�_b~!��f�[�_u��_u[����T�m[�Z��� ��l���]�`©»5_
��`^»�_u[��T��_H�C�U`©» ZD[^� "D" _+[���`©�T�5�{_+[uS ¯*�����®`^»�_d[^_u��_u[��T�T��[�`©� " _ulm��� ��£����mj+[^�T�5��Z\��
`^»�_u� " Z�jE$�$�lmlC�C�U`©»®V�_e]PZ��+S*�v¨�`^»�_#[^_+�^_u[��T�T��[ ¨NZ��ml��p`©�D������� ����C�+)<��` ��Z�i ������mjuZ\`©_
`^»�_ ��[�_u�^_+��ju_��\¨H�¥Z\`^_u[¡¨ [��T� `©»�_���[^_a�k���T��� j+�Tlm j+i�jul�_�S?hp�T�P`^�m����_ ���5��������]ºZ\��
� �5�^»�����]D���P`©�ml�`^»�_H�¥Z¼`©_u[C»:Z\� " _u_+��[�_u���y�T_u S

Á5S��C_u�._�Z\`	��[�_+���m�����"��`©_+��¨ �T[)`^»�_X~!V�_�[�_u��_u[����T�m[3)5Z¼`^`¤Z\j¤»��m��]#`^»�_��5�����D`©�e`©»5_C��_u�P` Z\��
���k`^`©����]�`©»�_e��`©�T���._u[C��� `©»�_($:l�l S

�kSC� � ~!�Xf®`©��`^»�_b~!��f�[�_u��_u[����T�m[+S �p_+j�Z�����_b��¨ `©»5_ l�Z�[�]T_��^��[�¨NZ�ju_ `^���T�Tl�����_¡[©Z¼`©�m�
��¨C`^»�_b~!��f�[�_u�^_+[����T�m[3)8`^»��m���^»��T�5lm " _b��T��_¡�^�T��_3�C»:Z¼`D�^lm���ClUi�)*Z�l�lm���C�m�5] Z����5[^��²0�
���¡Z\`^_ulUi RK�����m���5`©_+��¨ �T[d`©»�_�$�lmlm����]����{_+[©Z\`^�m�T��S�¹ »�_u� `©»5_b~!��f " �T�ml���� ¨ [^�T�'`©»5_
~!��f [�_u�^_+[����T�m[�»:Z\����lm���"_u Z��� `©»�_bl�_+��_ul ��_+`©_+[��m��5�mj�Z¼`©_u�c¨ ��lml ))`©»�_ ju[�iT�T��`¤Z\`�»:Z\�
" _u_+����[�_2�vju���Tlm_+ `^��~��Xf�`©_u���._u[©Z¼`©��[�_�S

�5S��C_uj+�T[^ `©»�_#`^�m��_#Z���®~!��f�lm_a�T_ulM[�_�Z�5�m��]D�m� `^»�_elm�T] " ����$<S

� 5�� � � � " ����? B � 
=8 A
Y »����)��[^��ju_+���[�_¥ju���Tlm�!`©»5_¥ju[�iT�T��`¤Z\`*¨ [��T� `©»:Z\`���¨<lm��¢����md����`^[^�T]�_u��`^�X`©»:Z¼`)��¨<l��m¢����mc»�_ul��m���')
��� `©�(��Sgf �#_ulU���m��S �v`�����[�_uj+�T����_u�5�_u `©»:Z¼`�`^»�_®`^[©Z��5��¨ _u[Dj+[�iT����`¤Z¼` " _��T�¦��`^�Dj�Z�[�`�¨ �T[
`©»5�m�D�T�._u[©Z¼`©�m����S Y »��m����[^��ju_+���[�_�[�_u¢����m[�_u�D`©»:Z¼`��5[^_2�vju���Tlm����]D)	¯*[^��ju_+���[^_®��SUR�)p»�Z�� " _+_u�
ju������l�_+`^_u �m����_+���Z¼`©_ulUiD��[^���T[¥`©��`^»��m� �T�5_�S

RKf



RTS��C_u���y�T_ `©»5_���lm��] ¨ [^�T� `©»�_�~!V�_ $:lml��{�T[�`�S?�����^_+[�`b`^»�_ $:lml�l�Z��5ju_ ����`^�º`©»�_ ~!V�_
[�_u�^_+[����T�m[+S ±�Z $�_(�^��[�_ `^»�_(l�Z���j+_��m��$:[���lUi ��_�Z\`^_u ��� `©»�_ �m�5��`©�mZ�lC`©[©Z\����¨ _+[®j+�T��_\S
WX��[^_+j+`C`©»�_#»5_ulm����� _ ²k»:Z�����`X]PZ\�CZ��pZ�ib¨ [^�T��`©»�_eju[�iT�T��`¤Z\` �C�U`©»b`©_+���.�T[©Z\[�i¡`^� " ����]�S

fkS�¯*l�Z\ju_"`^»�_-�C�U`©»��[^Z,�Cl5l�Z\��ju_"�m��Z#~!V�_p�^�����5l�ic�_3�pZ�[*Z��5 " _+]T�m��`^»�_p`^[©Z�����¨ _u[+S��  &�����`
`^»�_��5[^_u���^��[�_¡���(`^»�_���������lUi �_3�pZ�[3) " i Z�������]�»5_�Z\`d�T[e�T_+��`^�m��]@)�Z��d��_+ju_u���©Z�[�i�)�`^�
��Z��m�P`©Z��m�bZ���`©_uZ�5i lm��]T»P` " [�_u_3�u_d��¨�»�_ul��m����_a²k»:Z�����`C¨ [^�T� `©»�_#j+[�iT����`¤Z¼`�S	Y »�_($:lml��m��]
��»��T��l� `©Z%$�_cZ " �T�5`C�P£�� ÁT£����m���5`^_u�uS

n5S�±�������`^�T[¥��[��T]T[^_+�^� �C��`^»b`©»�_d~!V�_�`^_u���{_+[©Z\`^��[^_#��_+`^_u[CZ���®����`^_�`©����_#Z\�� [^_�Z\��m��]��
��� `^»�_elm�T] " ����$<S

��S��C_2� $:lml.`©»�_d~!��f�[^_+�^_u[��T�T��[ �C»�_u�®��_uj+_u���©Z�[�i�Z\���������j�Z\`^_u " i `©»�_d~!��f�l�_+�T_+lM��_a`©_+[uS
�kSC��¨1`©_u[ " l����p��� ¨ [��T� `^»�_¡~!V�_�[�_u��_u[����T�m[d»:Z��e[�_�Z�j¤»�_+ Z ��`©_uZ�5i ��`¤Z\`^_¡Z��5(`^»�_¡~!V�_
l�_+�T_+l!��_a`©_u[C������mjuZ\`©_+�#R��P£Dju���T[C���T[^_ )�`©»�_ej+[�iT����`¤Z¼`X����j+�T�����m�_+[^_u�ju���Tlm_+®`^�¡~!V�_
`^_u���{_+[©Z\`^��[^_\S

Á5S��C_uj+�T[^ `©»5_ `©�m��_ )	~!��f Z\�� ~!V�_blm_a�T_+l )	Z��� ~!V�_ `^_u���{_+[©Z\`^��[^_b[�_�Z�5�m��]T���m�º`©»5_
l��T] " �k��$<S

�kS��C_u���y�T_�`©»5_ $:lml{l�Z��5ju_�¨ [��T� `©»�_e~!V�_X[^_u��_u[��T�T��[CZ���b[^_+���y��_�`©»�_ $�lml lmZ���j+_X¨ [^�T� `©»5_
~!V�_e��������lUib�_3�pZ�[+S	���5�^_u[�`�`^»�_e��lm�5]��m�b`©»�_d~!V�_($:l�l��.�T[�`uS

� 5�� � </> � ��� ? ��� B�� A � >�����.B </B
Y »������5[^��ju_u5��[^_ �¥Z�[���� `^»�_cj+[�i��T��`©Z\`�`^��[��k����`©_+���._u[^Z\`©�5[^_e¨ [^�T� `^»:Z\`���¨ lm��¢��5�m »�_ul��m���')
��Sgf �#_+l����m��SÀ�v`®���®[�_uj+�T����_u�5�_u `©»:Z¼`b`©»�_ `©[^Z�����¨ _+[ ju[�i��T��`©Z\` " _ �T����`^�bj�Z�[�`®¨ ��[ `©»����
�T�._u[^Z\`©���T��S
RTS�hp_uZ��^_d`©�¡[�_u��l�_u�����^»®`©»�_c~!V�_cZ��� ~!�Xf�[^_+�^_+[��T���m[^�+SCY »�_�j+[�iT����`¤Z¼` �C��lml+�pZ�[^�������T�
�U`©� ���C����� RKf�`©��f\�D»��T��[��uS

�����	�	
���	���������������������� !�"�#�%$# &�'�)(+*, -�/.102$� !3��,4'�'$'$65879�:(:(�0;�1<=�?>@4'.����1<1��<:��$A�#�
�;.&�CB��14�*1*1�D$# ��14'�8E6FG.102$H�I��7�JK3��'�)L��M�;.&�H$�NO0�(�0;�1<QP�R#3K0;�1<�ST4)��*:$�0;�1<U�6B��14�*@*1�VJW��0;NO*@3������!(
�?>@4'�'$'$�0;B���NO7X3?�� !0�(YB����&�Z0;�1<U��J��/.&��NO0�[8*10�(%4�3K7\�)<1���+5���0;N2��]�$8E

�����	�	
���	�^���������_�����#���� !�`���� &��*@3���*@�a�;.&�bNO0�[8*10�(A4�3�7:�)<1����$b587�Z0;NO��0;�1<X�;.&�C4�3K7:�,$��c���
���d�;.&�INO0 JK�Z0;�1<e��3��IEfFG.&��gh�"i+3��'$,��3KB���0;3Y4)���&������5��A(�3?��0;���)(%0;�j�;.102$Xk_��7Q5��'4)��*:$,�6��J�;.&�
 &�,$�0;��0l���j��JH�;.&�MB����&�/$8EHmn*�(:(1���o4'���&�l�14��p��JH�/.&�HghqM�Mka0;�;.��/.&�C*r : &��3�Ssk_��3K�A��3	 ���3K�	��JM�;.&�
ghqM�H3��'$,��3KB���0;3b�I��7I3'�'$�*1NO�_0;��tT��$'.�5���0;NO0;�1<A���!(u�?>@4'�'$'$�0;B���NO7X3)�� !0�(IB����&�Z0;�1<:E

Ryn



� 5�� 
��	� B ����? B@��A � >�����0B < B
Y »���� ��[��kj+_u��5[^_	�_+`©Z��ml��M»��T�m��`©����] `©»�_	ju[�iT�T��`¤Z\` ¨ [^�T� �U`©�!j�Z\[�`�S�Y »���� �T�._u[^Z\`©���T�e�m�!ju�����^���_u[�_u
Z��5[^_2�v_u��]��m��_+_u[^_++)*��[��k��5j+`©���T� l���¨1`dZ��5º[^_+¢��5�m[^_+������j+�m�_+��`©Z�l-F���_u[�»�_�Z�¦hp[^Z���_ F��._u[^Z\`©�T[
ju_+[�`^� $:juZ\`©���T�b�T� `©»�_eju[^Z���_#`©� " _e���^_+�S
RTS F " `©Z��m�®`©»�_cju[©Z\��_=$�_ai�¨ [��T��`©»�_����5~���j+�T�P`©[��Tl [��k����S������^�._uja`�`©»5_�ju[^Z���_�Z\���`©»5_
l���¨1`©����]�Z\[^� ¨ �T[ �Z��¡Z\]T_��T[ �"_�Z�[+S

fkSC�������{_+j+`�`©»�_e`©[^Z�����¨ _u[Cju[�iT�T��`¤Z\`XZ���®��`^��juZ�[�`C`^����Z%$\_d����[^_e`©»5_cj+[�iT����`¤Z¼`X��� ��[^�T�._u[�l�i
�.�T�^�U`©���T��_ub���®`^»�_ej�Z�[�`�Z��� `©»:Z\` `^»�_ej�Z�[�`Cj�Z���`©_+[^��Z�[^_e�m� �"�T[7$�����]��T[^�_+[uS

n5S�hp»�_+jE$�`^»�_�julm_uZ�[©Z\��ju_+�¥Z����[^_+���y�T_�Z��Pi�� " ��`©[^�5j+`©���T���8`©»:Z¼`pj+�T��lm��m�P`^_u[�¨ _+[^_ �C��`^»�`©»5_
����`©���T� ��¨p`^»�_�j�Z�[�`��T[#`^»�_¡�J�C�m��]®��¨¥`^»�_�l���¨1`^�m��] Z�[�� ���[��m��] `©»5_¡lm�U¨1`�S���_+�{���^��`^�m�T�
`^»�_ej�Z�[�`C��¨ ��_uj+_u�^�^Z�[�i�S

��S��k_+ju��[�_d`^»�_dZ�[^_uZ�¨ �T[ lm�U¨1`©�m�5]��T�._u[^Z\`©���T���uS
�kSC�v¨�`^»�_Xl���¨1`^�m��]eZ�[��À�m�	����`pZ�lm[�_�Z�kiD�m�¡�5l�Z�j+_%)��{���^��`^�m�T�D`©»5_XZ�[�� �K��_u[	`©»�_�ju[�i��T��`©Z\` Z\��
Z\`�`¤Z�j¤»���`8`©�d`©»�_�ju[�iT�T��`¤Z\`¥Z\`	`©»�_�lm�U¨1`©�m�5]#���m���	��_uZ�[	`^»�_�`^�T�¡�\¨ `©»5_����m�_�[©Z���lm�uS��¥`^`©Z�j¤»
`^»�_�j�Z " lm_ " _a`#�p_+_u� `©»�_�j+�T���P`©_+[7�"_u��]T»P`e_u�����¨*`^»�_�l���¨1`©����]�Z�[^� Z����`^»�_ " ��`^`^�T����¨
`^»�_#`©[©Z\����¨ _+[�j+[�i��T��`©Z\`�S

Á5SC�  &��5��`C`©»�_e���y��Z " lm_#l���¨1`©����]��.�T����` `^��`©»�_e��Z�[ $\_u®�{�T����`^�m�T�¡¨ ��[CÂT¾T¿^�������.�T[�`uS
�kS�¯��T�^�U`©�m��� `^»�_Dju[^Z���_��K��_u[e`©»�_D���y��Z " lm_�l���¨1`©����] �.�T�m�P`uS��¥`�`¤Z�j¤»(`©»�_D»�����$�Z\�� ��Z%$\_
����[^_e��`C��� ��[^���{_+[^l�i¡�������^_+�S

�5S��kl����Cl�i¦»��T����`�S Y »�_�lm�U¨1`©�m�5] Z�[�� �C�mlml�[^���^_®`©� Z »���[^�!�+�T�P`¤Z�l��.�T�^�U`©�m����S3h¥Z�[�_ ������`
" _�_ ²5_+[^j+�m�^_+ `©�ºZ����T�m �J�C�m��]��m��](`©»�_�Z\[^� `©��� [^Z����m5l�iTS����^_�`^»�_�`©_a`©»�_+[�`^�º»�_ul��
���m������� �u_e�7�C����]T����]�Sdhp�T�P`©������_�lm�U¨1`©����]¡Z\� Z����U`©�m���:Z�l ��`©��Ry£�ju� ��� `©»:Z¼`#�T��_�_+��
��¨�`©»5_dj+[�i��T��`©Z\`�»:Z��Clm�U¨1`©_ub� � `©»�_#`^»�_ej�Z�[�`�S

�5S��C_2��Z� &�����`d`^»�_Dlm�U¨1`©�m�5] �{���m�P`e��¨"��_uj+_u���©Z�[�i ���®`^»:Z\` " �\`©» _u��5��Z�[�_�¨ [�_u_D��¨	`©»�_�j�Z\[�`,)
`^»�_�ju[�iT�T��`¤Z\`��m��»:Z\��]T�m�5]¡�:Z�[^Z�lml�_ulM`©�¡��`©��ju[^Z��lm_c�T� `©»5_�j�Z�[�`eZ����`©»�_�l���¨1`^�m��]�Z�[^�����
l�_+�T_+l S

� 5�� � �/B < B ����? B �������
Y »����X��[��kj+_u���[�_��_a`¤Z���lm��[^��`©Z\`©����]�`^»�_�j+[�iT����`¤Z¼`�¨ [^�T��`^»�_�lm�U¨1`��{�T����`^�m�T��ÂT¾T¿�¨ [��T��`©»�_�»��T[J�
�!�+�T�P`¤Z�l!`©��`©»�_�½T¾T¿���_u[�`^�mjuZ�l��.�T�^�U`©���T���5[^_u��Z�[©Z\`^�T[�i `^�bZ\`^`©Z�j¤»�����]�`^�¡`©»�_���`©��[©Z�]T_cju[�iT�T��`¤Z\`uS
Y »����d���{_+[©Z\`^�m�T� �m�ej+�T���^���_u[�_u Z �5[^_2�v_u��]��m��_+_u[^_++)��5[^�����j+`^�m�T� l���¨1`eZ��5 [�_u¢����m[�_u�d����ju���_u� �
`¤Z\l FX�T_+[^»�_uZ� hp[©Z��5_IF��{_+[©Z\`^�T[Xj+_u[�`^� $:juZ\`©���T� �T��`©»�_�j+[©Z��5_�`©� " _�����_u�S#�v`�[^_u¢�����[^_+�X`©»:Z¼`
¯*[^��ju_+���[^_d��S��D»:Z�� " _+_u�®�{_+[�¨ �T[���_+�S

R��



RTS�hp»�_+jE$º`©»�_b�y��_u[^»5_�Z�¦jul�_�Z�[^Z���ju_\S Y »�_bj+[�i��T��`©Z\`��m��Z��5��[^��²k�m��Z\`©_+l�i(����_+`©_+[^��l��T��]�S
Y »�_+[^_®�m�D�m�5�^����ju��_u�P`�»�_�Z\�[^���T� `^� �._u[�¨ �T[^� `^»��m�D��[��kj+_u��5[^_®�T�¦`^»�_®�^��Z�lml"ju[©Z\��_
l��kjuZ\`©_+�Z " �y�T_ `^»�_ " _�Z\��l��m��_"������`^[^_uZ�� ¨ [^�T� `©»�_C�m� " _�Z�� ju[�i��T��`©Z\`�S)��_+�{�T����`^�m�T��`©»5_
j+[©Z���_dZ��5��T[ [���`¤Z¼`©_�`©»5_cZ\[^� »5�T[^� �u�T�P`¤Z\lml�i���¨���_+ju_+�^�©Z\[�iTS

fkS�V��T�m��`�`©»�_�j+[�i��T��`©Z\`d�^� `©»�Z\`#`©»�_�l���¨1`X�{�T���P`��m�eZ¼`#lm_uZ���`df�S�RD��_+`©_+[^� K ��¨ _u_+`�� ((���º`©»5_
� ���T[+S ���^_#`^»�_#`©_+`^»�_u[ `^��j+�T�P`©[��Tl!Z��Pib�7�C����]�S"�k_+ju��[�_d`^»�_eju[©Z\��_�S

n5SC�  &��5��`C`©»�_#l���¨1`p�{�T���P`¥`©���pZ�[^�� `^»�_#ju[�iT�T��`¤Z\`��^��`^»:Z\`¥`^»�_eju�T���P`^_u[7�"_u��]T»P`©_+�_+���Z\��
`^»�_pj+[�iT����`¤Z¼`*�7�C����]X����C�.�pZ�[^�S	hp����`^�m����_pZ� &�����`©�m�5]����P`©��l�`^»�_pjuZ " l�_pju������_uja`©����]X`©»5_
" ��`^`^�T� ��¨ `©»�_cju[�iT�T��`¤Z\`�`©��`©»�_cZ�[^��]��k_+����l�Z�jE$ Z\���`^»�_cj+[�i��T��`©Z\`�»:Z\��]T�C�T_u[�`©��j�Z�l�l�i
K1`©»�_e�.�T�^�U`©�m��� �m�C��Z�[ $\_u�( S

��S�WX_a`¤Z�j¤» `^»�_Xj+�T����_+j+`^�m��]�juZ " lm_C¨ [^��� `^»�_Xl���¨1`^�m��]dZ�[�� " i��T�._u������]c`^»�_X��»:Z�jE$�lm_\Sp��`©�T[�_
`^»�_Dj�Z " l�_ " i l��k�����m��]b�U`dZ�[^������ `©»�_ " �k5i ��¨p`^»�_D]PZ\`©_��\Z�lU�T_�Z��� �^»:Z�jE$�l��m��] ��`#`^�
�U`©�^_+l�¨ S

�kSC�  &��5��`�`^»�_	lm��¨1`^�m��] �.�T����` " Z\jE$�`©���¥Z\[^���`©»�_"ju�T���P`^_u[7�"_u��]T»P`©_+�_u�����¨5`^»�_pZ\[^� �^��`©»:Z¼`
`^»:Z\` _+�� �7�C�m�5]T� ����S ���^_�`©»5_�`©_+`^»�_u[¥`^����[^_a�T_+��`����5�_u���m[©Z " lm_�[��kjE$�����]��T[¥�J�C�m��]T����]�S
hp�T�P`^�m����_ Z\ &�����`^�m��]����P`©��l8`^»�_bZ�[��%�m�d»��T[��!�u����`©Z�l K `^»�_¡�.�T�^�U`©���T� ���c��Z�[7$�_u�(aS®Y »�_
j+[�iT����`¤Z¼`��C�ml�l!��������`X��� ��`^��l���¨1`©����]���������`^�¡[^_+�¡Z\�m����_u[�`©�mjuZ�l " �5` �C�mlml!�J�C�m��]��T�5`#Z\��
����C��S

� 5�� � �/B < B ����? B ����� �

Y »����M��[^��ju_+���[^_8�_a`¤Z���lm�{[^��`©Z\`©����]p`©»5_	j+[�i��T��`©Z\`M`©��ÂT¾T¿ ¨ [��T� Z¥��_u[�`^�mjuZ�lT�.�T�^�U`©�m���X�T�#`©»5_*ju[©Z\��_
�^�5j¤» Z��c¨ [��T�'���T�5��`^�m��]�Z\`^�T� `^»�_ ��[��k��5j+`©���T� j+[�i��T��`©Z\`�S�Y »��m�d�T�._u[©Z¼`©�m��� �m�dju�����^���_u[�_u
Z��5[^_2�v_u��]��m��_+_u[^_++)*��[��k��5j+`©���T� l���¨1`dZ��5º[^_+¢��5�m[^_+������j+�m�_+��`©Z�l-F���_u[�»�_�Z�¦hp[^Z���_ F��._u[^Z\`©�T[
ju_+[�`^� $:juZ\`©���T� �T� `^»�_�j+[©Z��5_�`^� " _��5�^_u S �v`�Z\�^�^�5��_+�d`^»:Z\`�¯8[��kj+_u��5[^_u�c��S���Z��5 ��Sg� »�Zy��_
" _u_u�®�._u[�¨ ��[^��_u�S
RTS�hp»�_+jE$�`^»�_�julm_uZ�[©Z\��ju_+�¥Z����[^_+���y�T_�Z��Pi�� " ��`©[^�5j+`©���T���8`©»:Z¼`pj+�T��lm��m�P`^_u[�¨ _+[^_ �C��`^»�`©»5_
����`©���T� ��¨	`©»5_�j+[�i��T��`©Z\`d�T[#��¨	`©»�_Dlm�U¨1`©����] Z�[�� ��5[^�m�5] `^»�_D��[^��ju_+���[�_�S���_+�{���^��`^�m�T�
`^»�_eju[�i��T��`©Z\`���¨ ��_uj+_u���©Z�[�iTS

fkS�~M���p_+[ `©»�_eju[�iT�T��`¤Z\`�`©� �C�U`©»���� Z " ���5`�nT£�ju����¨�`©»5_ � �k�T[+S8�k_+ju��[�_d`^»�_eju[©Z\��_�S
n5SC�  &��5��`!`©»�_*l���¨1` �{�T���P`�`©���pZ�[^���`^»�_8ju[�iT�T��`¤Z\`!����`^»:Z\`�`^»�_*ju�T�5��`^_u[J�p_+�m]T»P`©_+�_+��c�J�C�m��]��
����C�.�pZ�[^�S ���^_�`©»5_X`©_a`©»�_+[¥`©��_+lm�m���m��Z\`©_C[^��jE$��m��]�Z���b�7�C����]T����]�S8hp�T�P`^�m����_#Z� &�����`J�
����] ���P`©��lp`©»5_bj�Z " l�_ ju������_uja`©����]�`©»�_ " ��`^`^�T� ��¨C`©»�_bj+[�iT����`¤Z¼`�`©� `©»5_ Z�[^�¸j�Z�� " _
Z\`�`¤Z�j¤»5_u K `©»5_d�.�T����`©���T�b�m� ��Z�[7$�_u�(aS

RK�



��SC�¥`�`¤Z�j¤»®`©»�_dj�Z " lm_ " _a`#�p_+_u��`^»�_ " ��`�`©�T� �\¨�`©»5_cj+[�iT����`¤Z¼`#Z���®`©»�_cZ�[���S ��� �v�^»:Z\jE$�l�_
`^»�_�juZ " l�_�¨ [��T� ��`^�^_+l�¨ )P���.�C[©Z\�¡¨ [^�T� `^»�_�]PZ\`©_ �\Z�lU�T_�Z���¡[�_2�v�^»:Z�jE$�l�_��U`	`^�c`^»�_�_aiT_��T�
`^»�_elm��¨1`^�m��]�Z�[^�®S

�kSC�  &��5��`�`©»5_ lm�U¨1`©�m�5]®�.�T����` " Z�jE$(`©���¥Z\[^���`^»�_ ju�����P`©_u[J�p_+�m]T»P`^_u _u�� ��¨ `^»�_bZ�[��¸���
`^»:Z\`8`©»:Z¼`"_+�� Z\���`^»�_�ju[�i��T��`©Z\`"�7�C�m�5]c���.�pZ�[^ Sphp����`^�m����_�Z� &�����`©����]e���P`©�ml�`^»�_�Z�[^�
��� »��T[^� �u�T�P`©Z�l K `^»�_e�{�T����`^�m�T�b������Z�[7$�_u�(CZ\��®`^»�_dju[�i��T��`©Z\`�»:Z���]�� " _u��_uZ\`©»®��`�Z¼`XÂ�¾ ¿
¨ [��T� »���[^�!�+�T�P`¤Z�l S

� 5�� 
���� A+> ����? B@��A � >�����0B < B
Y »���� ��[^��ju_+���[^_e�_a`¤Z���lm�¥l����p_+[^�m�5]�`©»�_#j+[�iT����`¤Z¼`�`^����`^� j�Z�[�`�S*Y »���� �T�{_+[©Z\`^�m�T�b���¥ju�����^���_u[�_u
Z��5[^_2�v_u��]��m��_+_u[^_++)*��[��k��5j+`©���T� l���¨1`dZ��5º[^_+¢��5�m[^_+������j+�m�_+��`©Z�l-F���_u[�»�_�Z�¦hp[^Z���_ F��._u[^Z\`©�T[
ju_+[�`^� $:juZ\`©���T�b�T�b`©»�_#j+[©Z��5_�`©� " _#�5�^_u S	�v`�Z\�^�^�5��_+�C`^»�_#ju[�iT�T��`¤Z\`����¥»:Z���]��m��] " _u��_uZ\`©» `©»5_
lm�U¨1`©����]�Z�[���Z\`�ÂT¾�¿C¨ [��T� »���[^�!�+�T�P`¤Z�l�Z��CZ\`C`©»�_e_+����\¨)¯*[^��ju_+���[�_c��S��D�T[C¯*[^��ju_+���[^_e��S�Á5S
RTSC�������{_+j+`�`©»�_e`©[^Z�����¨ _+[Xj+[�iT����`¤Z¼`XjuZ�[�`�`©���¡Z%$\_c����[^_e`©»5_�ju[^Z��l�_d���Cjulm_uZ�[�Z����`^»�_dj�Z�[�`
juZ���`^_u[^��Z�[�_#�m� �p��[ $��m��]D�T[��_u[+S

fkS�hp»�_+jE$ `^»�_ jul�_�Z�[^Z���j+_u�bZ��5 [^_+���y�T_ Z��Pi � " ��`©[���j+`^�m�T�5�¡`©»:Z¼` ju����lm ���P`©_u[�¨ _u[�_ �C��`^»
`^»�_b���\`©�m���º��¨�`©»�_bjuZ�[�`D�T[�`^»�_b�7�C����] ��¨C`©»�_ l���¨1`©����]�Z�[^�¸���[^����]�`©»�_b�5[^��ju_u5��[^_\S
�C_u�.�T�^�U`©���T� `©»�_ejuZ�[�`C�U¨���_+ju_+�^�©Z\[�iTS

n5S��kl����Cl�i(lm���"_u[c`^»�_ j+[�iT����`¤Z¼`�`©� �C�U`©»���� f®`^��Á�ju� ��¨ `^»�_ j�Z\[�`�S��  &�����`�`©»�_ l���¨1`^�m��]
�.�T�m�P`C���D`^»:Z\`C`©»5_ " ��`�`©�T��_u��®��¨�`©»�_eju[�iT�T��`¤Z\`�[�_u��`^�XZ\]PZ��m�5��` �U`©� ��`^�T�®�T�®`^»�_ej�Z�[�`�S

��S��kl����Cl�i�lm���p_+[p`©»5_�`©�T� _u�5®�\¨�`^»�_#ju[�iT�T��`¤Z\`��T�P`^��`©»�_#juZ�[�`uS	hp�T�P`©�m����_el����"_u[��m��]����P`©�ml
`^»�_elm��¨1`^�m��]�Z�[^� [^_u��`©�C�T�®��`^� �^�����.�T[�`�S

�kS ����»�����$¡`©»5_dj+[©Z��5_cZ\�� �^_uj+��[^_d��` ¨ [��T� »5�T�m��`©�m�5]��T�{_+[©Z\`^�m�T�5�uS
Á5S��C_+`^��[^� `©»�_ $\_+ib`©��`^»�_d���5~��bju�T�P`©[��TlM[^���T�®S

� 5�� � B0B <  � ����? B � B@��A � >������/ B � ��� � >�����.B@< B
Y »����"��[��kj+_u��5[^_X5_u�^j+[^� " _+�p�.�T�^�U`©�m�����m��]�`^»�_C`©[©Z\����¨ _+["j+[�iT����`¤Z¼`¥�T��`©»�_���[^�����ja`©���T��j+[�i��T��`©Z\`
�T[)�\`©»�_+[)�T_u[�`©��j�Z�lkju[�i��T��`©Z\`	�m���5[^_u��Z�[©Z\`^�m�T��¨ ��[)�m����_u[�`©�m�5]��T[)[�_u���K������]eZX`¤Z�[�]T_+`uS�Y »����*�T�._u[J�
Z\`^�m�T�����*ju�T�����m�_+[^_+¡Z#��[�_2��_+��]T����_u_+[^_uC)��5[^�����j+`^�m�T�Dl���¨1`*Z\���[�_u¢�����[^_u�8����j+�m�_+�P`¤Z�l FX�T_+[^»�_uZ�
hp[©Z\��_ F��{_+[©Z\`^�T[*ju_+[�`©� $:j�Z¼`©�m�����T��`©»�_ j+[©Z��5_¥`©� " _ �5�^_u S)�v`	Z��^������_u�*`©»�_¥`^[©Z��5��¨ _u[*j+[�i��T��`©Z\`
�m� j+�Tlm®Z��5��T� �U`©� j�Z\[�`�[^_uZ�5i `^� " _elm�U¨1`©_u K �^_+_c¯*[��kj+_u���[�_c�5S§f�( S
RTS� *������[^_D`©»�_D��[��k5��j+`^�m�T� ju[�iT�T��`¤Z\`d���#�{�T����`^�m�T��_+ �^� `©»:Z\`dZbj+lm_�Z\[#�:Z\`©» `©�b`^»�_D���DF �
�C¹ ÁTn � Z���]T_#�T�b`^»�_#]PZ\`^_X�\Z�l���_#_a²k�m��`©�CZ��� [�_u¢����m[�_u� ����`©���T� ��¨!`^»�_#ju[^Z���_e�m� ����l�i
�T�5_d5�m[^_+j+`^�m�T� K _u��`^»�_u[¥`^[^�Tl�lm_ai¡�T[ " [��m�]�_�(aS

RyÁ



fkS�¯�_u[�¨ ��[^� Y�[©Z\����¨ _+[	hp[�iT����`¤Z¼`p¯*[��kj+_u���[�_u�8��S��eZ������Sg��`©�#l���¨1` `©»�_¥j+[�i��T��`©Z\`"Z����[^�\`¤Z\`^_
�U`¥`©�D�T_+[�`©��j�Z�l S

n5S�¯��T�^�U`©�m����`^»�_Xj+[©Z���_��^��`^»:Z\`"`©»�_�`#�p��j+[�i��T��`©Z\`©� Z\[^_���_�Z�["_�Z�j¤»¡��`©»�_+[¥Z��5 �T��`^»�_Xl��m��_
��¨�`©»5_dj+lm_uZ�[ �:Z\`^»�S

��S���Z��m��_#`©»�_#`©[^Z�����¨ _u[�ju[�i��T��`©Z\`�`©��Z�»�_+�m]T»P`��^�5j¤»�`©»�Z\`C`©»�_d���DF � �C¹ ÁTn � Z���]�_d����`©»5_
�\Z�j+�����Àlm��jE$��T�D`©»5_ " ��`^`^�T� ��¨{`©»�_C`©[^Z�����¨ _u[8ju[�iT�T��`¤Z\`"�m�"f�`©�d�cj+�À»��m]T»5_u[*`©»:Z\��`©»5_
`^�T� � Z���]T_C��¨{`©»�_C]PZ\`^_ ��Z\l��T_�Z\`^�T�D`©»�_���`^�T[©Z�]�_�j+[�i��T��`©Z\`�S8����`©_ `©»�Z\`8`©»�_Cju����`^[^�Tl��8�T�
`^»�_Cju[©Z\��_�Z�[^_¥`^�k�#j+[^���_C`©�dZ�l�lm��� �T_+[�`^�mj�Z\l<Z� &�����`©��_u�P`©�/�C»���lm_¥`©»5_¥`©[©Z\����¨ _+[	j+[�i��T��`©Z\`
��� �K��_u[C`©»�_e��[��k5��j+`^�m�T�bj+[�iT����`¤Z¼`�S

�kS�±��y��_�`©»�_e`©[^Z�����¨ _u[Xj+[�i��T��`©Z\`�����`^�¡�.�T�^�U`©���T� �K��_u[�`©»�_c��[^�����ja`©�m����ju[�iT�T��`¤Z\` �C��`^»�`©»5_
j+[©Z���_\S	WX_2�v_u��_+[^]T� �u_�K ~M��jE$.� F��5`1("`^»�_eju[©Z\��_�S

Á5SC������_u[�`�Z\�����DF � ��¹ ÁTn j+_u�P`©_+[^�m�5]®[��m��] Z\�� F��v[^����] " _+`#�"_u_u� `©»5_D`#�"� � Z���]�_u��`©»5_u�
]T_+�P`©l�i K Z\����[^��²k�m��Z\`^_ul�i(£kS�� $��ml��T]T[^Z����¼ju�%�T[�f�l " � �\�m�º����[�_u¢����m[�_u�(��5��lml	����C� �T�
`^»�_�`©[^Z�����¨ _+[#ju[�iT�T��`¤Z\`e`©�b��»���¨1`#`^»�_ " Z�lmZ���j+_���¨	`©»�_�l���¨1`©����] Z\[^� Z��� jul��T�^_�`^»�_�]PZ���S
�k_+ju��[�_d`^»�_ � Z���]�_ �C��`©»®�D»:Z�lU¨ ��julmZ,� j+l�Z������ Z\�����ju[�_3�C�uS

�kSC�¥`�`¤Z�j¤» Z®���������m�5]���`¤Z\`^�m�T� `©�®`©»�_D�\Z�ju���5� l��kjE$<S  )�\Z�ju��Z\`©_�`©»�_���Z\ju�����'l��kjE$�`^�
" _+`�`©_u[ `^»:Z�� ���
	y¾ ��� `©�T[�[uS)�	Z�lU�T_e��� `^»�_e���������m�5]���`¤Z¼`©�m����S

�5S F��._u� `©»�_e]PZ\`^_��\Z�l���_u�C�T� " �\`©»®ju[�i��T��`©Z\`©�+S
Y »�_eju[�iT�T��`¤Z\`^�XZ\[^_e����� [�_�Z�5i¡¨ �T[C¯*[^��ju_u5��[^_d��SURKf��T[ ��SURyn5S

� 5�� 9 ACB <  � ����? � >�� � B@��A � >������  �B � � � � >�����0B < B
Y »���� ��[^��ju_+���[^_#5_u�^j+[^� " _+� �^_u��Z�[©Z\`^�m��]�`^»�_�`©[^Z�����¨ _u[¥j+[�iT����`¤Z¼`�¨ [��T� `©»�_��5[^�����j+`^�m�T�b5_3�pZ�[
�T[C��`^»�_u[C�T_+[�`©��j�Z�lMj+[�i��T��`©Z\`�S¥Y »5�m���T�{_+[©Z\`^�m�T� ����j+�T�����m�_+[^_u�Z��5[^_2�v_u��]��m��_+_u[^_++).��[^�����ja`©�m���
lm�U¨1`"Z��� [�_u¢����m[�_u�¥���5ju�m5_u�P`¤Z�lCFX�T_+[^»�_uZ��hp[©Z���_ F��{_+[©Z\`^�T["j+_u[�`©� $�j�Z\`^�m�T���T�¡`©»5_�ju[^Z���_�`^� " _
����_u�S��v`�Z��^������_u�X`^»�_c`^[©Z�����¨ _u[�ju[�i��T��`©Z\`#���Xju��lm Z\�� �m��»:Z���]��m��]D�T_+[�`©��j�Z�l�l�i �T��`©»�_cju[©Z\��_
Z\`�`¤Z�j¤»�_+®`^��`©»�_e��[��k��5j+`©���T� ju[�iT�T��`¤Z\`=KN��_u_d¯*[^��ju_u5��[^_d��S��.(aS
RTS�hp»�_+jE$®`^»:Z\`�`©»�_ �C�m��j¤»�ju�T�P`©[��Tlm����]D`©»�_�~�V�_�[�_u�^_+[����T�m[XZ����`^»�_�~!�Xf�[^_+�^_u[��T�T��[X�������
�U`©�¥¨ ��l�l�i �C��`©»5�[©Z,�C�®�{�T����`^�m�T��S

fkS�hpl��T�^_�`^»�_e]PZ\`©_#�\Z�lU�T_u�C�T�b`^»�_ " ��`^» ju[�i��T��`©Z\`©�+S
n5S �8_+��`#`^»�_��\Z�j+����� l��kjE$<Sd�C_u���K��_�`©»5_��b»:Z�l�¨ �vjulmZ�� jul�Z\������jul��T�^����]¡`©»5_����DF � �C¹�ÁTn

� Z\��]T_CZ����]T�����_p`^»�_ `©[©Z\����¨ _+[	j+[�i��T��`©Z\`"Z��*��`8[��m�^_+�)`©�e��`^� " Z�lmZ���ju_ �.�T����`©���T��S��C_u���K��_
`^»�_eju_u�P`^_u[^����]�[^�m�5]DZ��� F��v[^����]�S

R��



��S��C_2�v_u��_+[^]T� �u_�`©»5_dj+[©Z��5_�S
�kSCY�[^�Tl�lm_ai �T[ " [��m�]�_D`^»�_Dju[^Z���_��^� `©»:Z\`e`^»�_�`©[©Z\����¨ _+[dj+[�i��T��`©Z\`����e����l��T��]T_+[#�y�T_u[e`©»5_
��`©�T[^Z�]T_#ju[�iT�T��`¤Z\`uSp~M���"_u[ `©»�_#`^[©Z�����¨ _u[Cju[�iT�T��`¤Z\`C`^� �C�U`©»���� nT£�ju� ��¨�`©»5_ � �k�T[+S

Á5S��C_+`^��[^� `©»�_#`^[©Z�����¨ _u[Cju[�iT�T��`¤Z\`C`^���U`©� juZ�[�` �C��`^»®¯8[��kj+_u��5[^_e��S��kS

� 574�� � B0B <  �� ����? B � B@��A ����� A�<�� � >�����0B < B
Y »����)��[^��ju_+���[�_ �_u��ju[^� " _+�*�{���^��`^�m�T�5�m��]C`©»�_"`©[©Z\����¨ _+[)ju[�iT�T��`¤Z\`8�T���U`©� �^�����.�T[�`©�*������`©[�_�Z��?��¨
`©»5_���� " _�Z\� ju[�iT�T��`¤Z\`"�m����[^_+�:Z�[^Z\`©���T��¨ �T[8�m����_u[�`^�m��]e�T[8[�_u���K������]dZe`©Z�[^]T_a`�S)Y »5�m�8�T�._u[©Z¼`©�m���
�m�!j+�T���^���_u[�_u�Z���[�_2��_+��]T����_u_+[^_uC)���[��k��5j+`©���T�elm�U¨1`�Z���d[^_u¢�����[^_+� ����j+�m�_+�P`¤Z�l@FX�T_u[�»�_�Z\�hp[©Z\��_
F��{_+[©Z\`^�T[�j+_u[�`©� $�j�Z\`^�m�T� �T� `©»5_ ju[^Z���_¡`^� " _¡���^_+�S��v`�Z����^����_u��`^»�_�`^[©Z��5��¨ _u[�ju[�i��T��`©Z\`����
ju��lm®Z���®�m� [�_�Z�5i¡`©� " _el���¨1`©_+ ¨ [^�T����`^� j�Z�[�` KN�^_+_�¯*[��kj+_u���[�_c�5S§fI(aS
RTS�¯*[^_+�:Z�[�_�`©»�_��������.�T[�`^��¨ �T[X[�_uj+_u�m�k`e��¨*`©»�_c`©[©Z\����¨ _+[#ju[�i��T��`©Z\` " i j+l�Z������m�5]�`^»�_���`^�T�
�T�b`^»�_e����C����`^[^_�Z\���^�����.�T[�`����b`©»�_e[^_a`©[^Z�j+`��.�T�^�U`©�m����S

fkS�hp�T�5�^��lU`�`^»�_c��� " _uZ���ju[�iT�T��`¤Z\`X�¡Z����:Z\l!¨ ��[C`^»�_��5[^��ju_u5��[^_+��¨ �T[C[^_uZ�5i��m�5] Z�����{���^� �
`^�m�T������]e`©»�_���� " _uZ�� ju[�i��T��`©Z\`¥¨ �T[	`¤Z�[�]T_+`p�m����_u[�`©�m���¡�T["[^_u���y�\Z�l S �v¨ �U`p���p��_+ju_+�^�©Z\[�i¡`^�
��[�_u��_u[���_c`©Z�[^]T_a`C�{��l�Z�[��!��Z¼`©�m���+)�Z�j+`^���\Z\`©_�`^»�_e�m� " _�Z����¡Z����b�^�Tl�_u�����m�S

n5S�¯�_u[�¨ ��[^�À¯*[^��ju_+���[�_���S��e�T��`©»�_ " _�Z�� lm�m�5_¥ju[^Z���_�S)¯ �T����`©���T��`©»5_C`^[©Z��5��¨ _u[8j+[�iT����`¤Z¼`	`^�
" _���_+��_u[©Z\l{j+_u�P`©����_a`©_u[��pZ " �y�T_���`^�8j�Z�[�`¥Z��5¡Z\`"ÂT¾�¿pZ��8���m_3�"_u�¨ [^�T� `^»�_C�^���_�S	�kl����Cl�i
[^Z��m��_D`^»�_�ju[�i��T��`©Z\`c�^� `©»:Z\`d`©»5_ " ��`�`©�T� _+�� �\¨p`©»5_¡~!��fb�^_+j+`^�m�T� �m�DRy£ ju�%»���]T»�_u[
`^»:Z��D`©»�_Clm���"_u[3)�5���C�5��`©[�_�Z��À�������.�T[�`pZ���D`©»5_C`^�T��_u����m�8���T[^_¥`^»:Z��®Ry£#ju�À»���]T»�_u[
`^»:Z��b`©»�_e���5��`©[�_�Z����������.�T[�`uS

��S��C��`¤Z¼`©_e`©»�_cju[�i��T��`©Z\`#��� Z¡»���[^�!�+�T�P`¤Z�l!��lmZ���_e`©� �5l�Z�j+_d`^»�_c`^�T��Z " �y�T_�`^»�_����5��`©[�_�Z��
�������.�T[�`�Z���b`^»�_ " ��`�`©�T���y�T_u[C`©»5_d5���C�5��`©[�_�Z�������_�S

�kSCY�[^�Tl�lm_ai�`©»�_�ju[^Z���_#Z��	��_+ju_u���©Z�[�i¡`^���{���^��`^�m�T��`^»�_ " ��`^`^�T�À_u�5b�^��`^»:Z\`"��` �C�mlml:_+��]PZ�]�_
`^»�_e��`©�����T�b`^»�_e����C����`^[^_�Z\���^�����.�T[�` �C»5_u��l����p_+[^_u S

Á5S��kl����Cl�i�lm���p_+[�`©»�_)`^[©Z��5��¨ _u[Mj+[�i��T��`©Z\`!�T�P`©� `©»5_*����C����`^[^_�Z\� �^���5�{�T[�`,)¼�¡Z $�����]¥����[^_*`©»5_
��`©�T�®�T�b`©»�_e����C����`©[�_�Z����������.�T[�`���[��T�{_+[^lUi _u�5]PZ�]T_+�C`^»�_ " �\`^`©��� ��¨�`©»�_ej+[�iT����`¤Z¼`�S

�kS�±��y��_�`©»�_�l���¨1`^�m��]D�.�T�m�P`#Z,�pZ�i�¨ [��T�°`^»�_����5��`©[�_�Z��°�^�5���{��[�`,) [^_u5��ju����]¡`©»5_��^���_�Z�� �
]Tl�_%)�Z���(lm���"_u[��m��] `©»�_D���5�{_+[c_+�� �T�P`^�®`^»�_��5����`^[^_�Z\�%�^�����.�T[�`�S¡���5�^��[�_�`©»5_���lmZ\`©_
Z\`�`¤Z�j¤»5�m��]d`©»�_X`^[©Z��5��¨ _u["ju[�iT�T��`¤Z\`¥`^��`©»5_Xlm�U¨1`©����]dZ�[^� lm��_u� " _a`#�p_+_u�b`©»5_�]T�����_u�"�T�¡`©»5_
���5��`©[�_�Z�� �^�����.�T[�`����¡Z\�C`^�D��[^�T�._u[�l�i Z�lm��]T�¡`©»5_dj+[�i��T��`©Z\`X��� `^»�_e�^���5�{�T[�`©�+S

�5S�WX_1��_+��_u[�]T�!�+_ KN~M�kjE$��JF��5`E("`©»�_ej+[©Z���_\S

Ry�



�5SC������_u[�`eZ������DF � �C¹ ÁTn¡j+_u�P`©_+[^�m�5]b[^�m�5]bZ��� F �v[^�m�5] " _+`#�"_u_u� `©»5_�`#�p� � Z���]T_+�uS ��� �
j+l�Z����¡Z\���`^»�_u�+)������m��]d`©»�_�lm_+��_u[	��_+j¤»:Z������^�')�]T_u�P`©lUi�lm���p_+[	`^»�_X��`©�T���T��`^»�_X5���C� �
��`©[^_uZ��%�^�5���{��[�`d`©�®�^lm���_�`©»�_�`^[©Z�����¨ _u[dju[�iT�T��`¤Z\`�����C�ºZ���(jul��T�^_D`©»5_�]PZ\��Sb�k_+ju��[�_
`^»�_ � Z���]T_H�C�U`©» �D»:Z�l�¨ �vjulmZ���j+l�Z������ Z��5���ju[^_2�C�uS

Ry£5SC�¥`�`¤Z�j¤» Z®���������m�5]���`¤Z\`^�m�T� `©�®`©»�_D�\Z�ju���5� l��kjE$<S  )�\Z�ju��Z\`©_�`©»�_���Z\ju�����'l��kjE$�`^�
" _+`�`©_u[ `^»:Z�� ���
	y¾���� `©�T[�[uS)�	Z�lU�T_e��� `^»�_e���������m�5]���`¤Z¼`©�m����S

RTRTS F��._u� `©»�_e]PZ\`^_��\Z�l���_u�C�T� " �\`©»®ju[�i��T��`©Z\`©�+S
Y »�_eju[�iT�T��`¤Z\`^�XZ\[^_e����� [�_�Z�5i¡¨ �T[C¯*[^��ju_u5��[^_d��SURKf��T[ ��SURyn5S

� 57464 9 ACB <  �� ����? � > ��� B�� A � � � A�<�� � >���� .B < B
Y »����d�5[^��ju_u5��[^_��_u��ju[�� " _u�e�^_+�:Z�[©Z¼`©�m�5]®`^»�_�`©[©Z\����¨ _+[dj+[�i��T��`©Z\`c¨ [��T� `^»�_D�m� " _�Z�� j+[�i��T��`©Z\`
Z��� l���¨1`©����]®��`���� `©»�_b�������.�T[�`^�D������`^[^_uZ�� ��¨C`©»5_b�m� " _uZ�� j+[�i��T��`©Z\`�S Y »��m���T�._u[^Z\`©���T�º���
ju�����^���_u[�_u Z���[^_1��_+��]T�m�5_u_u[�_u+)<��[��k5��j+`^�m�T�®lm�U¨1`CZ����[^_u¢�����[^_+������j+�m�_+�P`¤Z�l FX�T_+[^»�_uZ� hp[©Z\��_
F��{_+[©Z\`^�T[!ju_+[�`©� $:j�Z¼`©�m���c�T�d`©»�_	ju[^Z���_	`©� " _	���^_+�S)�v`�Z��^������_u� `^»�_8`©[©Z\����¨ _+[ j+[�iT����`¤Z¼`)�m��ju��lm+)
Z\`�`¤Z�j¤»�_+ `©��`^»�_ " _�Z\��l��m��_Cju[^Z���_�����`^»�_#ÂT¾ ¿ Z\`^`^��`©�5�_%)�[^_+��`©����]���� `©»�_��^�����.�T[�`©�¥���5��`©[�_�Z��
¨ [^����`©»5_d��� " _uZ�� ju[�iT�T��`¤Z\`�Z��5�Z\`�`¤Z�j¤»5_u `©��`©»:Z¼`Cju[�i��T��`©Z\`=KN�^_+_d¯8[��kj+_u��5[^_d��S�R�£.(aS
RTS�hp»�_+jE$®`^»:Z\`�`©»�_ �C�m��j¤»�ju�T�P`©[��Tlm����]D`©»�_�~�V�_�[�_u�^_+[����T�m[XZ����`^»�_�~!�Xf�[^_+�^_u[��T�T��[X�������
�U`©�¥¨ ��l�l�i �C��`©»5�[©Z,�C�®�{�T����`^�m�T��S

fkS�hpl��T�^_�`^»�_e]PZ\`©_#�\Z�lU�T_u�C�T� " ��`©» j+[�iT����`¤Z¼`©�uS
n5S �8_+��`#`^»�_��\Z�j+����� l��kjE$<Sd�C_u���K��_�`©»5_��b»:Z�l�¨ �vjulmZ�� jul�Z\������jul��T�^����]¡`©»5_����DF � �C¹�ÁTn

� Z\��]T_�S�±®�K��_c`^»�_c��`©�T���T�®`^»�_�l����p_+[��������.�T[�`�`©��`©»�_d[^_a`©[©Z\j+`��{�T����`^�m�T�b`©���^l��m�_e`©»5_
`^[©Z�����¨ _u[�ju[�i��T��`©Z\`#��� Z��� ��_u�:Z�[^Z\`©_c`©»�_d`#�p�bj+[�iT����`¤Z¼`©�uS#hpl�Z����®`^»�_���`©�T��S��C_u���K��_
`^»�_eju_u�P`^_u[^����]�[^�m�5]DZ��� F��v[^����]�S

��S��C_2�v_u��_+[^]T� �u_�`©»5_dj+[©Z��5_�S
�kS�V��T�m��` `©»�_#`©[^Z�����¨ _u[Cju[�iT�T��`¤Z\`���� `^»�_e�^���5�{�T[�`©�+S
Á5S��C��`¤Z¼`©_�`©»5_dl���¨1`^�m��]�Z�[^��Z\�� ju[�i��T��`©Z\`�ju�T���P`^_u[^j+lm��jE$.�C�m�^_d�m� `^»�_e»��T[��!�u����`©Z�l���lmZ���_\S
�kS�~M���p_+[ `©»�_eju[�iT�T��`¤Z\`�`©� �C�U`©»���� nT£�ju����¨�`©»�_ � ���T[+S
�5S��C_+`^��[^� `©»�_#`^[©Z�����¨ _u[Cju[�iT�T��`¤Z\`C`^���U`©� juZ�[�` �C��`^»®¯8[��kj+_u��5[^_e��S��kS

R��



� 574 � � ACB >��JA � � � ?�<�;=<6>@?6ACB
Y »����b��[^��ju_+���[^_(�_+�^ju[�� " _u�b`©[^Z�����¨ _u[^[��m��] Zº`©Z�[^]T_a`b¨ [^�T� Z���_a²�`©_+[^�:Z�l#j+[�i��T��`©Z\`®�m�P`©� `©»5_
`©[^Z�����¨ _u[�ju[�i��T��`©Z\`�S ��l�`©»5�T��]T» `©»����D��[^��ju_+���[^_����_u�¡�5��`�[^_u¢�����[^_�Z��Pi¦»��T�m��`©����] ��`©��_ulU¨ )p��`
���_u��[�_u¢�����[^_ `©»�Z\`�Z j+[©Z���_ " _ ���º�T�._u[©Z¼`©�m��� Z��� Z����^��j¤» `©»5�m���T�._u[^Z\`©���T�º����ju�����^���_u[�_u
Z��5[^_2�v_u��]��m��_+_u[^_++)*��[��k��5j+`©���T� l���¨1`dZ��5º[^_+¢��5�m[^_+������j+�m�_+��`©Z�l-F���_u[�»�_�Z�¦hp[^Z���_ F��._u[^Z\`©�T[
ju_+[�`^� $:juZ\`©���T���T��`^»�_ ju[^Z���_ �m���5�^_�S�Y »��m�*��[��kj+_u��5[^_ [^_+¢����m[�_u�)`©»�Z\`)`©»5_¥`©[©Z\����¨ _+[*ju[�i��T��`©Z\` " _
Z\`�`¤Z�j¤»�_+�`^�c_+��`©»5_u[*`©»�_C��[��k5��j+`^�m�T��ju[�iT�T��`¤Z\` KN�T[*���m���mlmZ�[ ��_u[�`^�mjuZ�l<ju[�i��T��`©Z\`,)��^_+_X¯*[��kj+_u���[�_
��S��.(p�T[¥`^»�_e�m� " _uZ�� j+[�iT����`¤Z¼`=K �^_+_�¯*[^��ju_+���[�_d�5S�Ry£�(¥Z���®����`Cju����`©Z��m�®Z�`¤Z\[^]T_a`�S
RTS�hp»�_+jE$ `©»5_ ju[�iT�T]T_+� lm_+��_ul�� �m� `^»�_ `©[^Z�����¨ _u[ j+[�iT����`¤Z¼`®Z��� ju����$:[^� `©»�Z\` `©»5_ ]PZ\`^_
�\Z�lU�T_u�C�T� " ��`©»®ju[�iT�T��`¤Z\`^��Z�[^_#¨ ��l�l�i��T�{_+��S

fkSC�v¨�Z\`^`©Z�j¤»�_+�`©��`^»�_e��ml��5`©���T� [^_a¨ [^��]T_u[^Z\`©�T[3)5�T�._u�®��`^� [©Z�5��Z\`^�m�T� " Z � _�S
n5S��kl����Cl�i ��� � �C���� `©»�_ �C����j¤»+)�j+�T����[^_+�^�^����]º`©»5_ " _ul�lm���C�bZ��5�_ ²�`©_u�5��m��] `©»5_ ~��Xf
[�_u�^_+[����T�m[b����`^�º`©»�_��\`©»�_+[bju[�i��T��`©Z\`�S ~!����$¦¨ �T[¡`©»5_ `©�T��j¤» ��¨d`©»5_��^»��5`^`^_u[ �T� `©»5_
��»��k`^`©_+[��T�._u��_+['K `©»5_ �{���^��`^�m�T� �m����Z�[7$�_u ���º`©»�_ ���m�_¡[©Z���l�(aS�Y »�_ `©_+���^���T� �T�º`©»5_
juZ " lm_=�C��lml " _��[^Z���`^�mjuZ�lmlUi�[�_u��5ju_u Z���`©»5_���Z &��T[���`�i���¨8`©»�_��\Z�j+����� ¨ �T[�ju_�����`¤Z%$\_u�
��� " id`©»�_ ��»��5`^`^_u[)�T�._u�5_u[uS��v`*�m� _u�^��_u�P`©�mZ�lk`^»:Z\`)`^»�_¥�.�T�^�U`©���T� " _¥�.�T�^�U`©����_ulUie�m�_+��`^� $:_+
�����T[^�_+[�`©�ej+�T��$:[�� `©»�Z\`)`©»5_ �^»��5`^`^_u[8�m� ¨ ��lmlUi��T�._u�DZ\��D���e:Z���Z�]T_ �C��lmlk[^_u����l�`�¨ [^�T�
�:Z\�^�^����]�`©»�_d~!V�_e[�_u�^_+[����T�m[ `©»5[^�T��]�»��U`�S

��SC�v¨�Z\`^`©Z�j¤»�_+�`©��`^»�_e�m� " _uZ�� j+[�i��T��`©Z\`,)<�T�._u� ��`^� [©Z�5��Z\`^�m�T� " Z � _�S
�kS�~M���T�^_+� " �k`���®����`d[�_u���K��_�`^»�_Dlm��jE$��m��] julmZ����(���(`^»�_¡~!V�_�[�_u�^_+[����T�m[+Sb��`©Z�[�`e`©»5_
���5��� �T� `©»�_ ����`^_u[���_+���Z\`^_ �T�Tl�����_ " _a`#�p_+_u� `^»�_ ��T� " l�_'F ��[^����]T����¨�`©»5_®��lm����m��]
��_�Z�l S

Á5S�hp�T�P`^�m����_ `©� �5�0�C���� `©»�_ �C����j¤»�Z��� �^l����Cl�i �m����_u[�`¡`©»�_ ~!V�_�[�_u��_u[����T�m[b���P`©�º`©»5_
�\Z�j+����� �^�:Z\ju_�S K Y »�_��T�._u[^Z\`©���T�D�m�	����[^_�ju�T�P`©[��Tlml��m��]#`^»�_�����jE$��m��]��m�¡�\¨�`©»�_C`©� " _ " i
`^»�_��\Z�ju���5��S�( �:_u_+l�¨ �T[X`^»�_�`©�T�5j¤»(�\¨"`^»�_�lm_a¨1`7��»�Z����_+ `©»�[�_�Z���#��� `^»�_�`¤Z\[^]T_a`�K `©»5_
�.�T�^�U`©���T�b�m� ��Z�[ $\_u �T� `©»�_ " Z\jE$ " �T��_d[©Z\�ml�( S

�kS��kl����Cl�id[^��`©Z\`©_"`©»�_ ~!V�_ [^_u��_u[��T�T��[*julm��jE$.�C�m��_�S)�:_+_ul5¨ �T[�`©»�_ ��lm��]T»P`)�[��T�'K�R¥��� (���¨<`©»5_
[�_u�^_+[����T�m[6�C»�_u��`©»�_C`©»�[�_�Z�5�pZ�l��m]T� S �v`"�m�8_u���^_+��`^��Z�l:`^»:Z\`	`©»���� " _��{�T����`^���T_+l�i��m�_+��`^� $:_+
���¡Z��¥`^�¡Z����T�m ju[��T�^��`©»�[�_�Z�5�m��]D`©»�_e�_+lm��j�Z\`^_�ju�T�5�{_+[C`^»�[^_uZ���+S

�5S��C��`¤Z¼`©_b`©»�_ [�_u�^_+[����T�m[�ju�T�5��`^_u[�julm��jE$.�C�m��_�`©�(�^j+[^_2��`©»�_ lm_a¨1`7�v»:Z����_+¦`^»�[^_uZ� �\¨X`©»5_
`^[©Z�����¨ _u[	ju[�iT�T��`¤Z\` ���P`©�e`©»�_�`¤Z�[�]T_+` " Z���_�S*Y »�_�[^_u��_u[��T�T��[p�^»5�T��lm�ju�T�P`^�m����_�`^���_+�^j+_u��
Re��� �._u[ `©��[���S8��¨1`^_u[ ��`©��[����*):`^»�_e[^_u��_u[��T�T��[���»��T��l� " _#¨ _ulU` `©� " ��`^`^�T� �T�k`�S

�5SC�?�^��]T��� $�j�Z��P`©lUib��`^[^�T�5]T_u[C`©�T[�¢���_c������`������ " _cZ����5lm�m_+®`^��[�_ul�_�Z���_d`^»�_c`©Z�[^]T_a`C¨ [^�T�
�U`©� �Tl�b»��T��_eZ��� $:[^��l�i Z\`^`©Z�j¤» ��` `©�D�U`©� ��_2� �T��_\S

f�£



Ry£5S�hp�T�P`^�m����_e������ju[^_2�C�m��]�`©»�_#`©Z�[^]T_a`�Z��� `©»�_e[�_u�^_+[����T�m[ �C�ml�l [��m�^_�Rd��� �._u[¥`©�5[^� ¨ �T[C�
`^��[^��� K1`©»�_e���U`©j¤» ��¨�`^»�_elm_a¨1`CZ���®[^��]T»P` `©»�[�_�Z����Z�[�_#�m�_+�P`©�mjuZ�l ){Rc��� �._u[¥`^��[^��(aS

RTRTS�hp�T�P`^�m����_�`©��[����m�5] Z����¨ _u_+l)¨ �T[X`©»5_�5[^�T� ��¨	`©»�_D~!V�_�[�_u��_u[����T�m[ �C»5_u� `^»�_�`©»5[^_�Z\��
[�_2� Z\lm�m]���S�Y���[^��Z���Z����U`©���T�:Z�l.»:Z�lU¨�`^��[^� `©�D�����^��[�_#`©»�_#`©»5[^_�Z\���Z�[^_#¨ [^_+_�S

RKfkSCY »�_�~�V�_X[�_u�^_+[����T�m["������`p����� " _��^l����ClUi�����lml�_u�¨ [^�T� `^»�_��\Z�j+�������C��`©»�`©»�_ �C�m��j¤» S
����`©_�`^»:Z\` `©»5_d�.�T[�`©�m���b��¨ `^»�_�`©� " _e�m�5�^�m5_X`©»�_#�\Z�j+����� �C��lml »�Zy��_ " _u_+��[^Z���mZ\`©�U�T_ulUi
j+�k�Tl�_u " i®`©»�_D~!�Xf�[^_+�^_u[��T�T��[uS#�v`#���X`©»5_u[^_a¨ �T[^_�_u�^��_u�P`©�mZ�l `^� �p_uZ�[���[���`©_+j+`^���T_�]�lm�y�T_+�
Z��5®`^��5�m[^_+j+`�Z���`^[^_uZ�����¨��¥Z�[���Z���[p¨ [^�T� Z�»5_�Z\`C]T�5���T�b`^»�_e_u��_u[^]��m��]�`©� " _\S

Ryn5SC��¨1`©_u[ `©»�_C~!V�_p[^_u��_u[��T�T��[*»:Z�� " _u_+���5��lml�_u��T�k`)`©�#�U`©�)��Z¼²k�m���5� )K`©��]T»P`©_u��`^»�_¥l��kjE$��m�5]
j+l�Z���� Z��� `©��[�� ����`©»�_e���5��� �T�b`©»5_d��lm����m��]���_�Z�l S

R���SC�v¨�Z\`^`©Z�j¤»�_+�`©��`^»�_e�m� " _uZ�� j+[�i��T��`©Z\`,)<jul��T�^_#�U`©� [^Z����Z¼`©�m��� " Z � _�S
RK�kS�hp�T�P`^�m����_p`^���C�m�������`©»�_ �C�m��j¤»�`^������l�l�`^»�_ ~!��f�[^_u��_u[��T�T��[ " Z�jE$d�m�����m�_	`©»�_"`©[©Z\����¨ _+[

j+[�iT����`¤Z¼`�S
RyÁ5SC�v¨�Z\`^`©Z�j¤»�_+�`©��`^»�_e��ml��5`©���T� [^_a¨ [^��]T_u[^Z\`©�T[3)5j+lm�T��_#��`©� [^Z���mZ\`©���T� " Z � _�S
R��kS�hp�T�P`^�m����_ ����l�lm�m�5] `©»�_¦~!��f [�_u�^_+[����T�m[ �T�5` �5��`^�ml�`^»�_ �¡Z\[ $�_+ »5�T��_ �.�T����`©���T� ���

[�_�Z�j¤»�_+�S

� 574 � � " <  ����?�< ;=</>D?6ACB
Y »����b��[^��ju_+���[^_(�_+�^ju[�� " _u�b`©[^Z�����¨ _u[^[��m��] Zº`©Z�[^]T_a` �m�P`©�¦Z�� _ ²k`^_u[��:Z�l#ju[�iT�T��`¤Z\`®¨ [^��� `©»5_
`©[^Z�����¨ _u[�ju[�i��T��`©Z\`�S ��l�`©»5�T��]T» `©»����D��[^��ju_+���[^_����_u�¡�5��`�[^_u¢�����[^_�Z��Pi¦»��T�m��`©����] ��`©��_ulU¨ )p��`
���_u��[�_u¢�����[^_ `©»�Z\`�Z j+[©Z���_ " _ ���º�T�._u[©Z¼`©�m��� Z��� Z����^��j¤» `©»5�m���T�._u[^Z\`©���T�º����ju�����^���_u[�_u
Z��5[^_2�v_u��]��m��_+_u[^_++)*��[��k��5j+`©���T� l���¨1`dZ��5º[^_+¢��5�m[^_+������j+�m�_+��`©Z�l-F���_u[�»�_�Z�¦hp[^Z���_ F��._u[^Z\`©�T[
ju_+[�`^� $:juZ\`©���T���T��`^»�_ ju[^Z���_ �m���5�^_�S�Y »��m�*��[��kj+_u��5[^_ [^_+¢����m[�_u�)`©»�Z\`)`©»5_¥`©[©Z\����¨ _+[*ju[�i��T��`©Z\` " _
Z\`�`¤Z�j¤»�_+�`^�c_+��`©»5_u[*`©»�_C��[��k5��j+`^�m�T��ju[�iT�T��`¤Z\` KN�T[*���m���mlmZ�[ ��_u[�`^�mjuZ�l<ju[�i��T��`©Z\`,)��^_+_X¯*[��kj+_u���[�_
��S��.(���[�`©»5_��m� " _�Z��°ju[�iT�T��`¤Z\` K �^_+_D¯8[��kj+_u��5[^_���SURy£.(�Z����j+�T�P`¤Z�����Z�`¤Z\[^]T_a`#Z��#Z�[^_u����l�`X��¨
¯*[^��ju_+���[^_d��SURKfkS
RTS�hp»�_+jE$ `©»5_ ju[�iT�T]T_+� lm_+��_ul�� �m� `^»�_ `©[^Z�����¨ _u[ j+[�iT����`¤Z¼`®Z��� ju����$:[^� `©»�Z\` `©»5_ ]PZ\`^_
�\Z�lU�T_u�C�T� " ��`©»®ju[�iT�T��`¤Z\`^��Z�[^_#¨ ��l�l�i��T�{_+��S

fkSC�v¨�Z\`^`©Z�j¤»�_+�`©��`^»�_e��ml��5`©���T� [^_a¨ [^��]T_u[^Z\`©�T[3)5�T�._u�®��`^� [©Z�5��Z\`^�m�T� " Z � _�S
n5S��kl����Cl�i ��� � �C���� `©»�_ �C����j¤»+)�j+�T����[^_+�^�^����]º`©»5_ " _ul�lm���C�bZ��5�_ ²�`©_u�5��m��] `©»5_ ~��Xf
[�_u�^_+[����T�m[b����`^�º`©»�_��\`©»�_+[bju[�i��T��`©Z\`�S ~!����$¦¨ �T[¡`©»5_ `©�T��j¤» ��¨d`©»5_��^»��5`^`^_u[ �T� `©»5_
��»��k`^`©_+[��T�._u��_+['K `©»5_ �{���^��`^�m�T� �m����Z�[7$�_u ���º`©»�_ ���m�_¡[©Z���l�(aS�Y »�_ `©_+���^���T� �T�º`©»5_

fkR



juZ " lm_=�C��lml " _��[^Z���`^�mjuZ�lmlUi�[�_u��5ju_u Z���`©»5_���Z &��T[���`�i���¨8`©»�_��\Z�j+����� ¨ �T[�ju_�����`¤Z%$\_u�
��� " id`©»�_ ��»��5`^`^_u[)�T�._u�5_u[uS��v`*�m� _u�^��_u�P`©�mZ�lk`^»:Z\`)`^»�_¥�.�T�^�U`©���T� " _¥�.�T�^�U`©����_ulUie�m�_+��`^� $:_+
�����T[^�_+[�`©�ej+�T��$:[�� `©»�Z\`)`©»5_ �^»��5`^`^_u[8�m� ¨ ��lmlUi��T�._u�DZ\��D���e:Z���Z�]T_ �C��lmlk[^_u����l�`�¨ [^�T�
�:Z\�^�^����]�`©»�_d~!V�_e[�_u�^_+[����T�m[ `©»5[^�T��]�»��U`�S

��SC�v¨�Z\`^`©Z�j¤»�_+�`©��`^»�_e�m� " _uZ�� j+[�i��T��`©Z\`,)<�T�._u� ��`^� [©Z�5��Z\`^�m�T� " Z � _�S
�kS�~M���T�^_+� " �k`���®����`d[�_u���K��_�`^»�_Dlm��jE$��m��] julmZ����(���(`^»�_¡~!V�_�[�_u�^_+[����T�m[+Sb��`©Z�[�`e`©»5_
���5��� �T� `©»�_ ����`^_u[���_+���Z\`^_ �T�Tl�����_ " _a`#�p_+_u� `^»�_ ��T� " l�_'F ��[^����]T����¨�`©»5_®��lm����m��]
��_�Z�l S

Á5S�hp�T�P`^�m����_ `©� �5�0�C���� `©»�_ �C����j¤»�Z��� �^l����Cl�i �m����_u[�`¡`©»�_ ~!V�_�[�_u��_u[����T�m[b���P`©�º`©»5_
�\Z�j+����� �^�:Z\ju_�S K Y »�_��T�._u[^Z\`©���T�D�m�	����[^_�ju�T�P`©[��Tlml��m��]#`^»�_�����jE$��m��]��m�¡�\¨�`©»�_C`©� " _ " i
`^»�_X�\Z�ju�5����S�(��:_u_+l{¨ �T[	`©»�_�`©�T��j¤»b�\¨M`©»�_�[��m]T»P`J��»:Z��5�_u ���5`©_+["`©»5[^_�Z\�� ��¨M`©»5_�`¤Z\[^]T_a`
�T�b`^»�_#`¤Z�[�]T_+`C»���lm�_+[ K `©»5_d�.�T����`©���T�b�m� ��Z�[7$�_u®�T�b`©»5_ " Z�jE$ " �T�5_c[^Z��ml (aS

�kS��kl����Cl�i([^��`©Z\`©_�`©»�_b~!V�_ [^_+�^_u[��T�T��[�ju�T�5��`^_u[�julm��jE$.�C�m��_�S �<_+_ul	¨ �T[c`^»�_b�^l��m]T»P`c�[^�T� K R
��� (¥��¨*`^»�_c`^� " _L�C»�_u� `^»�_c`^»�[^_uZ���#Z\lm�m]���SC�v`��m��_u���^_+��`^��Z�l�`©»:Z¼`X`©»5�m� " _��.�T����`©�U�T_+l�i
���_u�P`©� $:_u ���¡Z�� `^��Z����T�m ju[��T�^��`©»�[�_�Z�5�m��]D`©»�_e�_+lm��j�Z\`^_#ju�T���._u[ `^»�[^_uZ���uS

�5S��C��`¤Z¼`©_�`©»5_�~!V�_�[�_u�^_+[����T�m[ejul��kjE$.�C���^_�`©� �^j+[^_2�À`©»�_D[^��]T»P`e»:Z���5_u(�T�5`©_+[#`©»�[�_�Z�(��¨
`^»�_®`©Z�[^]�_+`D�m�P`^�(`^»�_b`¤Z�[�]T_+`�»��Tl��_u[+S Y »5_�[�_u�^_+[����T�m[��^»�����lm¦ju�T�P`^�m����_ `©�(�_u��ju_u�5+)
Re��� �._u[ `©��[���S8��¨1`^_u[C��`©��[����*):`^»�_#`©� " _e�^»��T�5lm " _#¨ _+l�`¥`^� " ��`^`^�T� ���5`�S

�5SC�?�^��]T��� $�j�Z��P`©lUib��`^[^�T�5]T_u[C`©�T[�¢���_c������`������ " _cZ����5lm�m_+®`^��[�_ul�_�Z���_d`^»�_c`©Z�[^]T_a`C¨ [^�T�
�U`©� �Tl�b»��T��_eZ��� $:[^��l�i Z\`^`©Z�j¤» ��` `©�D�U`©� ��_2� �T��_\S

Ry£5S�hp�T�P`^�m����_X��ju[�_3�C�m�5]��m��`©»�_�`¤Z�[�]T_+`HK Z�ja`©�:Z�l�l�i��5���^j+[^_3�C����]�`©»5_Xlm_a¨1`p»�Z����_+¡`©»�[�_�Z�¡�T�
`^»�_d~�V�_e[^_u��_u[��T�T��[E( Z���b`©»5_d[�_u��_u[����T�m[ �C��lml�[��m�^_�¨ ��[ �D`^��[^�5�*)!Re�����{_+[C`^��[^��(aS

RTRTS�hp�T�P`^�m����_"`^��[^�5�m��]�Z���d¨ _u_ul�¨ �T[M`©»5_p�[��T����¨5`©»�_	[^_+�^_u[��T�T��[ �C»�_+��`©»5_	`^»�[^_uZ����[�_2��Z�lm��]T��S
Y���[^��Z��®Z��5��`©���T�:Z�l{»:Z�lU¨�`^��[^� `©�D�����^��[�_#`©»�_#`©»5[^_�Z\���Z�[^_#¨ [^_+_�S

RKfkSCY »�_c~!V�_e[^_+�^_+[��T���m[�������`������ " _e�^l����ClUib����l�lm_+ ¨ [��T��`^»�_e��Z\ju�����®S"����`^_e`^»:Z\`C`©»5_
�.�T[�`^�m�T�b�\¨�`©»5_d[�_u��_u[����T�m[C�����^���_#`©»�_#�\Z�ju�5��� �C�ml�l�»:Z��T_ " _u_u��[©Z�5��Z\`^���T_+l�i�ju���Tlm_+ " i
`^»�_ ~!��f([^_u��_u[��T�T��[uS��v` �m��`©»�_+[^_a¨ �T[^_�_u�^��_u�P`©�mZ�l�`^� �"_�Z�[¡��[^��`^_uja`©����_�]Tl��y�T_u�¡Z��� `^�
���[^_+j+`�Z���`^[^_�Z\����¨ �pZ�[���Z��m["¨ [^�T��Z�»�_uZ\`�]T��� �T� `©»�_e_+��_+[^]T����]�`©� " _�S

Ryn5SC��¨1`©_u[ `©»�_C~!V�_p[^_u��_u[��T�T��[*»:Z�� " _u_+���5��lml�_u��T�k`)`©�#�U`©�)��Z¼²k�m���5� )K`©��]T»P`©_u��`^»�_¥l��kjE$��m�5]
j+l�Z���� Z��� `©��[�� ����`©»�_e���5��� �T�b`©»5_d��lm����m��]���_�Z�l S

R���SC�v¨�Z\`^`©Z�j¤»�_+�`©��`^»�_e�m� " _uZ�� j+[�i��T��`©Z\`,)<jul��T�^_#�U`©� [^Z����Z¼`©�m��� " Z � _�S

fTf



RK�kS�hp�T�P`^�m����_p`^���C�m�������`©»�_ �C�m��j¤»�`^������l�l�`^»�_ ~!��f�[^_u��_u[��T�T��[ " Z�jE$d�m�����m�_	`©»�_"`©[©Z\����¨ _+[
j+[�iT����`¤Z¼`�S

RyÁ5SC�v¨�Z\`^`©Z�j¤»�_+�`©��`^»�_e��ml��5`©���T� [^_a¨ [^��]T_u[^Z\`©�T[3)5j+lm�T��_#��`©� [^Z���mZ\`©���T� " Z � _�S
R��kS�hp�T�P`^�m����_ ����l�lm�m�5] `©»�_¦~!��f [�_u�^_+[����T�m[ �T�5` �5��`^�ml�`^»�_ �¡Z\[ $�_+ »5�T��_ �.�T����`©���T� ���

[�_�Z�j¤»�_+�S

f�n



1

Lessard, Edward T

From: Sandorfi, Andrew
Sent: Thursday, October 21, 2004 5:09 PM
To: Travis, Richard J; Lessard, Edward T
Cc: Muller, Thomas R; Mike Lowry (E-mail)
Subject: Re: Sections 1.1.4, 1.2.2.4 and 1.2.2.5 of TC review

LS-MAG-Aug04-1.xl
s (43 KB)

Dear Rich and Ed,
I would like to tie up a few loose ends, regarding sections 1.1.4, 1.2.2.4 and 1.2.2.5 of the TC LES&H review document 
(minutes of meeting 04-07, Aug
17'04):
1.1.4: The magnetic field survey was done and is attached. I think this was forwarded to the committee some time ago. 
This was done warm.  We have made measurements comparing the on-axis field warm and cold. These values change 
by less than 10% when cold. The exterior fields will scale with the field on axis and so we can say with confidence that 
they are less than 10% more than the warm survey.
1.2.2.4: Mike Lowry and Tom Muller are working on the lifting safety form in preparation for a review by the lifting 
committee.
1.2.2.5: Dry runs were successfully carried out mating the Transfer Cryostat to both the Production Dewar and to the In-
Beam Cryostat. These were carried out first warm and then cold. The entire process was verified by successfully 
transferring a solid unpolarized H2 target from the Production Dewar to the In-Beam Cryostat where it is now being used 
to collect calibration data. Andy Sandorfi



BROOKHAVEN NATIONAL LABORATORY
DIRECT READING INSTRUMENT SURVEY FORM

Date: 8/26/2004 Surveyor(s): R. Zantopp

I. AREA INFORMATION

Dept. : NSLS Bldg. : 725 Room: 1-168
Source: Transfer cryostat
Engineering Controls: None

II. EMPLOYEE INFORMATION

Name : N/A BNL / GUEST # : N/A
Dept. : N/A Bldg. : N/A Job Title : N/A
Exposure Duration (Hrs) : N/A Times Per Day : N/A Times Per Year : N/A
Job / Task Performed : N/A
PPE Used : N/A

III. SURVEY INSTRUMENT INFORMATION

Instrument: Metrolab Cal Date : 1/29/2004 Calibrator  : N/A
Model : THM 7025 No Comment :
Serial # : TH-BO 331 No Comment :

IV. SAMPLING INFORMATION AND RESULTS

Hazard : Magnetic Field Units : mTesla Correction Factor : None

Time Location Reading Comments
9:45 See map below See map below

V. Conclusion and Recommendation

Pre-Cal 

Post-Cal

(New)Transfer Cryostat at X-5

0.5 mT
@ contact

140 in.

6 in. diameter
Bellows

1.3 mT
@ contact
(0.5 mT @ 1”)

0.1 mT @ contact

Permanent magnet
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